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NATURE AND PROPERTIES | 
* OR IN 
MATTER. 
LECTURE XXIV. 
Lu us for a moment compare this universe 10 a 
palace erected by a Divine Architect; and the un- 


philosophical spectator to a foreigner, who only sees 
the external part of the building. From sq superfi- 


cial a view, it is evident he can obtain but a very 


unsatisfactory idea of the skill and eontrivance of the 
Great Designer. To form a more aceurate concep- 
tion, to perceive its beauties, to discover its conve- 
niences, it is necessary to enter the building, to view 
each apartment separately, to compare the conve- 
nience of every room singly, with the e and | 
eles nce of the whole 
n the same manner the beauties of riature tha 
our view: we find curiosity allured by a variety 
objects, animals, vegetables, minerals, air, water, and 
fire: all put on different ak to please, assist; 
vol. III. 
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2 NATURE AND PROPERTIES 


or axtoniah us; butt, 4 in order to come at a de le 
of their nature, we must approach them closely; we. 
must consider each as divested of all its accidental 
qualities of figure and colour, and turn from nature's 
external ornaments to view her internal simplicity.* 
The question you would probably first ask in this 
view of things, is, What is matter, that substance 
which serves as the foundation of all bodies, and 
which, while it is itself unseen, gives existence to all 
other qualities that strike the senses? 
As we cannot penetrate the mist which hides 80 

much from human eyes, nor follow composites to 
their different and original principles; we must con- 
tent ourselves with the knowledge originating in our 
external sensations. To avoid every thing equivocal, 
we shall consider matter, as that substance which, by 
its different modifications, becomes the object of our Foe 
 Senses, and hence also of physics. I mean here not 
only what they really perceive, but also what by 
their nature they are capable of perceiving. Thus, 
for instance, the animalcules in/infusions are objects 
of sight, although we are obliged to use a microscope 
to discover them; it is the same with the objects of 
the touch, although their impressions may be too 
feeble for us to perceive; it is the same with 

to hearing, the taste, and the smell: ma word, these 
objects are withdrawn from our sensations by their 
minuteness, not by their nature; and we are per- 
sunded that they possess the qualities of matter, 
though our senses are not acute enough to be af- 
fected by them. The invisible fluids, air and fire, 
are palpable, and thus the immediate objects of ou 
senses; but there are other fluids which are not 
ceived by our senses, such as the magnetic fluid, he 
fluid causing gravity, and such others as reason may 
conceive. to 2 productive of physical phenomena 


* Goldemill s Survey of 'Philosophy, vol. . p. 17. 
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and which may therefore be reckoned objects of the 
senses. Exery thing which is by its nature an object 


of the five senses, although on account of its mi- 


nuteness it may not affect them, is to be considered 
as a part of the en world, and egen e as 


matter.“ 

An Werde into the properties of matter is 
not an arbitrary affair, neither is the word, property, 
to be oonsidered in a vague and determinate way. 
This word, in its philosophical sense, necessarily in- 


eludes that of a primitive or primary cause, indepen- 


dent of every thing else but of a clear idea of the 
substance to which it is attributed. Thus a research 
into properties is into that of primary causes; I do 
not say, Art, because that term belongs only to we 
Supreme Being, the Cause of all things. 

It is necessary to give you the sense in which I 


here use the word cause, that it may not be con- 


founded with other senses of the same word. W hat- 
ever produces an effect is generally called a cause, 
but such causes may at the same time be effects of 


other causes, and thus not primary. But in physics, 
a primary cause is that from which originate phy- 
 sically all the physical effects occasion by, or re- 


sulting from it. Whenever therefore what is called 
a cause, does not include clearly this idea of a 


primary cause, it ought not to be denominated the 


property of a substance in the above- mentioned 
sense; for it is, or may be, a modification of the 
substance, that is to say, the effect of a cause, or of 


a chain of causes: in a word, it is nothing mon 
than a phenomenon, and shews that we haue not 


attained to the first link of the Xo of effects whoze 
origin we > seek. | 


F De. Lucs Lettres Physiques & Morales. sur ristoire de 11 
Terre, Wal. . p. rel wo 206, tre: | 
A 2 
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C THE NATURE AND PROPERTIES 


The investigation of properties in the sense ere 
wad; consists in examining the phenomena belong- 
ing to the substance in question; and ascending 

| from one effect to another, till you arrive at some- 

: thing which is a cause agreeable to the foregoing de- 
finition; that is, which evidently and clearly arises 
from the idea of the substance considered, and which 
cannot be separated from it without annihilating the 
substance, or being eee therefrom by any 
human conception. 

It has been usual to reckon among the properties 
of matter, impenetrability, extension, figure, divisi- 
bility, hardness, inertia, motion, attraction, and re- 
pulsion. I know of no other which have a right to 
be examined, as affecting the senses, which, as 1 
have often observed, can alone constitute the science 
of physics. Let us then compare the ideas of these 
properties with the preceding definition, and you 
will soon see, that the three last mentioned must be 
excluded from the class of properties so defined, and 
cannot, with strict propricty, be termed the. charac- 
ters of materiality. 

Impenetrability, considered as expressing chat two 
8 of what constitutes matter, whatever it 
may be, eannot exist at the same time in the same 

place: so long as one retains its place it must ne- 
cessarily exclude the other, is undoubtedly a phy- 
sical axiom; the contrary position would be a con- 
tradiction. 0 + , 
The physical world would vanish Ply the eyes 
of the understanding, and we should no longer 
have any notion thereof, if impenetrability, as here 
considered, was not an essential property of matter. 
There could be no existence of this substance, unless 
the idea of impenetrability immediately arose from 
it. As: is neither the existence of the substance, 
nor the cause of 1 its existence, chat we are consider- 


55 


or MATTER, | n 3 


| tag, but its properties, there can be no doubt of 
this first principle. 
For as soon as matter exists, it is is impenetrable; 
this is the first thing which constitutes its existence 
as matter, that is, as a part of the 'physical world, 
an object of the five senses. 

Every thing therefore, which is deduced from 5 
the impenetrability of matter, will be the result of 
what I have called a primary cause, and is subor- 
dinate to nothing else but the cause of the existence 
of matter. 

| Extersion is another property of the same ind; 
it is indeed-included in the idea of impenetrability, 
when it is considered with respect to space, namely, 
that two particles of matter cannot exist at the same 
time in the same place; they are therefore extended, 
that is, they occupy a certain portion of space. Ex- 
tension is therefore an ee constituent pro- 
perty of matter. | 

Figure is another property that necessarily flows 
from the preceding definition, or rather from the 
existence of matter itself. Whatever is material 
must have figure or shape; every finite eee 1s 
terminated or comprehended. under some fi 

So far there cannot be two modes of 3 
cerning the properties of matter, unless some — 
species of being is meant by the word matter; in 
which case it would not belong to our physical world, 
that which affects our senses. But the mr | 
properties require a closer examination. 

Diviability, . If this expression be confined to 
the possibility of conceiving that every atom of 
matter may be indefinitely divided by a sufficient 
power; that is to say, that when considered as 
extended, a right and a left may be always separated 


by the mind, and by a sufficient power could be con- 


tinually separated, it necessarily flous from (he . 
of matter as here defined. 
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Hardness, This property. must be entered into 
more fully, as at first sight it seems contrary to the 
divisibility of matter; but here you are to consider, 
that the divisibility of matter does not include the 
idea of an actual division. The atoms or first ele- 
ments of matter, that is, the smallest actual divisions, 
had an undivided (an indivisible) extension at some 
period of the physical world. | 
I do not here speak of the origin of matter; but 
the existence thereof being once admitted, it must 
necessarily possess indivisible particles. An actual 
infinite division is an expression without any sense or 
meaning, it is contrary to the very existence of 
matter; if then, in order to avoid absurdity, it be ne- 
cessary that the idea of matter should contain that 
of indivisible particles, we must admit that there is - 
a minimum, below which, though bodics may be 
capable of being reduced, there is no power in the 

physical world by which they can be divided or re- 
duced. That is, no shock or impact that takes - 
place in the physical universe can break or subdi- 
vide these elements; and this is what I here mean 
by hardness, a quality easily understood, and which 
— no other cause than the existence of mat- 
I therefore admit it without repugnance as 
un W ene" property, which is e aer still 
more probable as it connects“ itself with the phe- 
nomena. 

Thus then 1 have pointed out to you three pro- 
perties which are essential to matter as above de- 
fined, and without which you can form no idea 

thereof. 1. Impenetrability, whereby it excludes 
other matter from the space it occupies. 2. What- 
ever is material must have size and extension, and 
yet the largest ultimate particle of matter is in all 
probability incomparably smaller than any point 
philosophers can form a distinct idea of, or than 
they can have any real occasion to suppose A 


* 


* 


1 


vient to human researches in nature. 3. What- 
ever is material must have figure or shape; if this 
were not & property of every the smallest unit of 
matter, no collection of them could acquire it by 
combination or cohesion. 4. Divistbittty, ' when 
considered not as an assertion of the actual possi- 
bility of dividing any parcel of matter without end, 
but as the possibility of conceiving extension as 
continually divisible into lesser and lesser exten- 
sions: an unit of nature is not composed of mathe- 
matical points cohering together by attraction, or 
any power a name can be invented for; a mathe- 
matical point is a nothing, a non-entity, and an 
infinite number of such can never form one atom 
of matter. 5. Hardness, or the indivisibility of 
atoms or first elements of matter: one atem may 
be divided from another, but no atom can be divided 
from itself. These properties are so essential to 
matter, that they may be termed the characters of 
materiality, as they are each of them inseparable 
from any possible conception human oreatures can 
attain of the Ten of Funn material or „en 
universe. 
| Before I proceed to examine the auh n 
that I heretofore mentioned to you, it will be proper 
to guard you against the mistakes that some have 
fallen into in treating on the properties already ex- 
plained, Thus Mr. Locke, to shew that solidity was 
a property of water, using the word solidity as sy- 
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nonymous to impenetrability, mentions the Floren- 


tine experiment; but he has certainly applied this 
experiment to an improper purpose, and so far from 
clearing the idea he meant to explain; it renders it 
more confused and perplexec. 

The experiment is as follows: a bollow globe of 
gold was filled with water and exactly closed; the 
globe thus filled being pressed with the extreme Ga 
of ew, the water made its way through the 
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pores of that close and compact metal, and ap. 
peared upon the surface in little drops like those of 
dew, before the sides of the globe could be made 


to yield to the violent compression of the screws 


that squeezed it. This experiment may be used to 


shew the porosity of gold, or the great force neces- 


sary to compress water, but by no means to demon- 
strate the impenetrability of water. Must we have 
granted, that water was not impenetrable or solid, 
3f the globe had yielded while all the water was in 


it? And yet if the globe had been filled with-air, it 


might have been pressed inward, though none of the 


air had escaped; and that not because the particles 
of air are not impenetrable, but because it is a more 
compressible fluid, so that the particles may be 
squeezed closer together, and the same ape BY thus 
be made to occupy a smaller space. 

An optical illusion has been introduced by some 


to prove, that there may be extension without soli- 


dity. By an image formed at a certain distance, 
between a concave mirror and any one looking 


into it, extension and form become an object of 
sense, hene there is no sensible resistance; but this 
does not prove that an image is formed in empty 
space, or where there is no matter; for as the 


senses can be affected only by matter, they infal- 


libly determine where it is, so that we are as cer- 
tain matter exists where we see any thing, though 


we cannot feel it, as we should be certain there 


was matter where we. ow it n e we could not 
see it. 


It is bere necessary t > say metiing concerning 
space, of which some ideas have been entertained 


very contrary to sound physics. The only positive 


idea that can be applied to space is extension; but no 


idea should be applied to any auer n the Sub | 


ject itself does an a 
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Matter forces upon our senses the idea or im 

of its dimensions or extension: but it is a kind” of 

philosophical felony to steal an image: which. na- 
ture gives us, and invest a subject with it that 
never excited any idea in us, and consequently has 
no existence to us; we thus create nothing into a 
being, by applying ideas to it which we Ade from 
something. 
Space is only one of chose ies chat are excited 
jn the mind by matter, and the power in the mind 
of abstracting from its subject, just as we can image 
a colour to ourselves, without connecting in our 


apprehension a subject with it wherein it exists; 


a little more of the same metaphysics which can 


prove that nothing is extended, will prove that 
space is purple. It is a very ingenious contrivance | 


in Lesbe en to render nothing a subject of in- 
quiry and conception, by dressing it in a suit of 
clothes borrowed from Something, and then gravely 

tell us, that this nothing 1s the orm of God.* T“ 
In the same manner, much false reasoning has 
been introduced in treating of the infinite divisibi- 
lity of matter; and the truth of this hypothesis is 
said to rest on mathematical demonstration. The 
arguments drawn from the mathematics in favour of 


this question, demonstrate the possible infinite divi- 


Sibility of that body, which is the object of such in- 
vestigation; but there is an essential distinction be- 
tween body mathematical and body physical. 


From not attending to this distinction, many 
Philosophers of the first eminence have deceived 


themselves, and asserted, that all matter was as 


really for ever divisible, as were those ideal lines 
which the human imagination could create. Body 


mathematical is ce only with two > forms, ex- 


1 See Dr. Wilson's Cheer nee on Principles and Ming Powers 
| 2 by the present System. 
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tension und figure. These alone are the attridites : 


contemplated by the mathematician. 
Body physical, besides these, possesses other erb- 
partie with which it is always habited, and by 


which it becomes the object of philosophical j inves- 


tigation. Body mathematical has few properties, and 
those of the most precise nature, whilst the proper- 


ties of body physical are complicated and manifold. 
In no part of the physical universe can the existence 


be discovered of that body the mathematician 
chooses to contemplate; gifted only with extension 
and figure, it is purely ideal, the n of mental 
abstraction. | 
Since then all mathematical reasoning concerning 
body regards only body mathematical, with what 
propriety can it be thought, that physical body is ever 
divisible; because that body to which the mind can 


at pleasure give indefinite degrees of magnitude or 


divisibility, is found to be so divisible? How far : 


sdcever matter is divisible in its own nature, we can 
- conceive no idea of its composition, but as it con- 


sists of units. To assert, that matter is ever com- 
pounded, and ever divisible, is glaringly absurd. 
All substance is measured either by number or 


weight; number is made up of units, and weight 


is no practical measure, till some elements are fixed 
upon, as the units of which all other weights are 
composed: we are therefore under the necessity of 
supposing all matter as made up of atoms, & or units. 
If it were the nature of body to be as multiple in all 
its parts as in the E sensible whole, there would be 


nothing but number and plurality without. limi- 


tation, and without ever finding the thing which 
is meant to be numbered and divided. The men, 


who assert the infinite e of matter, should 


* The word atoms means small elements which cannot be cut or 
divided. 
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also have remembered, that infinity is an merhaustk 
ble fund, and can never be completed; and that how 
capable soever matter may be of such division, it can 
never be effected. So that you must at last necessaril 
conclude, agreeable to what I have said before, that 
there are particles in nature which never re; nor 
will be, less than they are. 
Though it is not easy to adduce a precise veſts 
tation of all the mathematical sophistry and refine- 
ments concerning the infinite divisibility of matter, 
yet we are furnished with one from the doctrine of 
gravity. For if the power of gravitation between 
bodies be as the squares of their distances, and if 
at any given distance, it is not material whether the 
distance assumed be one yard or 100,000 miles, the 
power of their tendency towards each other is equal 
to any given number; at half that distance the 
wer will be four times as much, and so on. 

ence it must follow, that if the distance is divi- 
sible into infinite parts, that power of attraction 
will increase beyond all calculation. But this is 
not true in fact; for we know, when bodies come 
into actual contact with the earth by this power, 
their resistance to separation is easily overcome by 
an excessively finite power. Therefore, as at a con- 
tact, which is the end of distance, the power of 
attraction is finite, the spaces they. traverse be- 
fore they meet cannot be infinitely divisible; and no 
demonstration can be true, which implies a flat 
contradiction, 

To assume, as a first princip le in philosophy, 
that matter is infinitely divisible, is to assert, that 
matter has no beginning of substance; that there 
are no limits between matter and nothing. To as- 
sert, that there cannot be such a thing as a unit of 
matter, is to maintain, that matter has an infinite 
property. To say, that any portion of matter is 
finite, and at the same time that its component 
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parts are infinite, is philosophy baffling with itself, 
and maintaining contradictions. 


Time is made up of a perpetual succession of years 
and days, and is measured by hours, and minutes, 
and seconds: now, there would be just as much 
truth in asserting, that a moment of time, by subdi- 
vision may be lengthened out into a thousand ages, 
as there is in saying, that a grain of sand may be 
rarefied and enlarged into the bulk of a planet. No- 
thing can be more shocking to reason than eternal 
time; infinite divisibility is not less absurd. 

Concretes, in which form matter is made subject 
to the senses, can no more be without atoms, or Rrst 
principles, than aner in arithmetic can be without 
units. 

Having ab wn you — absurdity of supposing 
matter to be, infinitely divisible, I shall now en- 
deavour to give you some idea of the parts actually 
separate, and give you instances where you will find 
the parts so small and so numerous, as almost to sur- 
pass imagination. 

Though plants, by their exhalations, lose 50 great 
a quantity of their substance, yet we cannot affirm, 
that the part assigned for propagating their smell, 
suffers much by. this sensible decay. It appears, that 
the fragrant parts are endued with such prodigious 
divisibility, that they can furnish sufficient for the 
purpose, and with very little loss for a long course of 
time. Every body knows, that a grain of musk will 
make itself smell in a manner not very agreeable, for 


a space of twenty years, in an e where fresh 
air is admitted every day. 


A grain of leaf gold will cover fifty square inches, | 
and contains two millions of visible parts. But the 
gold which covers the silver wire, used in making 
gold lace, is spread over a surface twelve times as 
great. In making this wire, it is usual to gild © 
strongly! a cylindrical bay of ayer, and afterwards. to 


=, 
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draw it into wire, by drawing it suecessively through 
holes of different magnitudes, formed in plates of 


steel. By this means, the surface is prodigiously 
augmented; notwithstanding which it remains gilt, 
so as to preserve an uniform appearance, even when 
examined by the microscope. It has been calculated, 
that a single grain of gold would cover a surface 
thirty 7 square. $41 


FURTHER CONSIDERATIONS ox ATOMS. 


Atoms must originally subsist in numbers, which 
cannot be increased or diminished; it is equally im- 


possible for many to become one, as it is for an unit 


to be multiplied: so that the original number ot 
atoms is as invariable as their sizes. An atom may 
as soon be reduced to nothing, as two can be made to 
coalesce into an unchangeable substance. 
Number is the fundamental basis of motion and 
changes in matter. An atom cannot aet upon itself, 
nor communicate action, impressed intimately to 
its substance, though ever so large; but a concrete 
can and does impress its on inward parts, in a me- 


chanical proportion to the power which acts upon 


its surface. If any body, though ever so small, has 
numerical parts, their cohesion must be mechanical; 
and nature can do nothing, but what under certain 
circumstances it can undo again. Jo this purpose 
Sir Tsaac Newton closes a fine inquiry into the nature, 
laws, and constitution of matter. All these things 
considered, it seems, says he, probable, that 
Cod in the beginning created matter in solid, mas- 


sive, hard, impenetrable, moveable particles, incom- 


parably harder than any of the porous bodies com- 
pounded of them: nay, 80 hard as never to wear or 


break in pieces; no human power being able to. 
divide what God made one at the creation, While | 
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these particles continue entire, they may bop 
bodies of one and the same texture in all ages; 
but should they wear away, or break i in pieces, the 
nature of things depending on them would be 
N &c. | * 

Such an atom or unit of matter must have dimen- 
sions; it constitutes its own space wherever it is, and 
occupies it. The idea of a solid atom and extension 
are inseparable; but that of division and a solid are 
irreconcileable. 

Solidity among coneretes is ; only comparative and 
imperfect; but it is as great a contradiction in terms 
to apply division to a proper solid, an atom, as 
it is to apply it to the space of a wy abstractedly 
or mathematically considered, which is nothing. 
Though two things may be separate one from 
another, yet one thing and nothing are equally in- 
divisible. e 

Dimension in bodies has proportion, and may 
be considered as less or more; and the extension 
of a large body may be a proportion for several 
smaller bodies; but the idea of parts and divisions 
has no connection with extension, and as little 
with the matter which occupies it, unless it be 
a concrete. Division is an idea Which properly 
belongs to number; there is, therefore, no connec- 
tion between matter having dimensions, and its 
consisting of parts; or one body is not many in 
respect of another of the same kind, because its 
substance is larger. 

Therefore every atom or unit of matter has ex- 
tension, which we may suppose to have mensurable 
proportions; but che atom itself is incapable of di- 
vision, because it does not consist of parts. As 
its substance is without parts, it is without pores 
or interstices, it cannot be pervaded. It occupies 
its own space, and nothing else can be said to be 


To er Ls. 


or exist Abet * is. Pores only balung to con- 
clas, or atoms forming a mass by adhering Wome 
another. 

Atoms are absolutely inert, and can neither con- 
ciliate motion to themselves, nor continue in mo- 
tion longer than they are impelled. They are, 
however, perfectly mobile. For as they cannot 
move themselves, or alter their place, 80 they have 
in themselves not the least resistance to motion, or 
to be continually en their station while ney: are 
impelled, 

Atoms can have no attracting or impelling powers. 
1. To suppose them to have such, is contrary to the 
vis inertiæ; for if the first principles of matter attract 
each other, they must have a vis motus, a þ Power of 
| moving towards one another. 

2. If there be such a power as attraction, it must 
either be a material or spiritual one. If it be a ma- 
terial ane, an atom cannot be possessed- thereof. It 
cannot move itself. It consists of no parts; it ean- 
not therefore detach subtiler parts, to draw its fel- 
lows into contact. If it be a spiritual operation, 
then it is no property of matter. If the first prin- 
ciples of motion in matter be universally spiritual, 
then there is no need of mechanical agency in matter. 
If mechanical agents are employed in the operations 
in nature, it is absurd in philosophers to use unme- 
chanical principles, where mechanical ones will 
answer the purpose. 

If attraction be a principle, or primary property 
of matter, how is it that it can be weakened, sus- 
pended for a time, and even quite destroyed? If 
it be a power determining matter to matter, as a 
real essential property, how comes it -te be over - 
powered and destroyed by matter, acting mechani- 
cally upon matter, since such action must always be 
consistent with, and subservient to, its original = 


perties? Now, the force. of fire will suspend the 
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strongest attractions. From all we can understand 


of the units of which matter is composed, a mass 
of them lying together, unacted upon by a mecha- 


nical material agency, would neither WT gravi- 


Fg 


fate, nor take place of one another. 

Matter hath a capacity of motion, not an ability 
to move; neither doth any matter act but so far as 
it is acted upon. The trumpet hath a capacity of 
Sounding, but never till it is s0unded; of itself it is 
dead and silent, and would, if left to itself, remain 
0 for ever. To invest matter with any innate 
powers, (call them by what names, attraction, &c. 
you please) is as contrary to the real nature of mat- 
ter, as to suppose that all trumpets are born with 
lips and lungs, and breath of their own. A stringed 
instrument has the capacity of sending forth all 
possible harmony; but it must first be acted upon 
either by the vibratory, motion of the air, or imme- 
diately by the hand of the master. Such then is the 
mobility of matter; it is a capacity of being moved 
and acted upon, but no motive faculty nj "OP kind 


with itself. 


The operations in nature, as far as we can trace | 
them, are carried on mechanically; ; and though 
our senses are limited as to the minutiæ of that me- 
chanism, yet we are certain that matter does exist 
in such forms, as will assure us the mechanism may 
go on further than we can describe. All the proper- 
ties of matter fit it to act and be acted * in a na- 
tural way. 

Though matter is not infinitely divisible, yet it 
is certain its primordial atoms are indefinitely small, 
80 as to be far beyond the reach of our senses. At 
the same time our organs are machines, so exqui- 
sitely constructed, as to be subject t to the impres- 
sions of the smallest. 

But though the units of matter are so small as 


to elude our senses, it does not therefore follow, 


— 


on Ane © to: 
that we can have no certain knowledge of them 
or of their properties. From the knowlege of 
concretes, we may clearly discover what are the 
general and invariable properties of their consti- 
tuent atoms. Every concrete enjoys two kinds of 
properties: the first are such as are inseparable 
from it as matter, and these properties belong to 
every atom of which a concrete is composed; the 
second are such as are produced from matter va- 
riously combined in concretes; the latter are not 
the original properties, though naturally produced 
by them. You are therefore to be cautious, lest 
you should ascribe the different properties which 
matter acquires in a concrete form, unto the ori- 
ginal atoms themselyes: - thus; for instance, you 
might as justly conclude, that the units of which 
ivory are composed, are white, as that they are 
elastic. 3 


OP INERTIA AND GRAVITY. 


As I am now going to consider properties that 
relate to motion, it will be necessary to proceed 
with care and circumspection. That matter at 
rest will persevere for ever in that state, unless it be 
compelled by some cause to move, is one of the 
ideas philosophers have included in the word inertia; 
and as far as this idea goes, without considering 
it as a primary property of matter, on account 
of its relation to motion, it may be considered as 
true. | | toy, 

To the other idea, which is often included in 
that of inertia, there are many objections, and 1 
think you will hesitate long ere you adopt it. By 

this we are taught, ©. that any particle of matter, 
Which has been once put in motion, will moye on 
for ever with the same velocity, unless stopped or 
resisted. I do not know that any thing can be 

AC TM. 
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started more unphilosophical than this notion; 4 
notion which gives to matter an eternal power of 
changing its place, in consequenee of its being once. 


disquieted. But leaving every other c ondermion 
out of the place, as we « w not know what motion is 


in itself, it t would be a question, whether the inertia, 
here su © Howe te the nature of matter or. 
motion; a question that may be ranked among those 
that are Ma one" This alone will exclude 
inertia, in the second sense of the worgy from the 
number of properties. 

In the Lectures on Mechanics it is hows: that 
the notion of the vis inertiæ, in the second sense, is 
re t to sound reasoning, and unsupported by 
any experimental evidence; — to lessen the effect 
of prejudice, it is there also ohewn, that some of the 
first mathematicians have confessed, that this vis 
inertiæ, considered in the sense usually attributed 
thereto, must be abandoned. 

The resistance observed in matter, arises from 
that certain determination, which all the parts of 
matter are under, from their situation and connec- 
tion in the general system; and in consequence of 
which, they require a force to turn them out of 

that way, which is appointed to them by the esta- 
blished laws of nature. How far any parcel of 
matter would resist, if it evuld be taken inde 
dent of the present frame fe ala and what force 
would be requisite in such a case, to move any given 
quantity of matter in all directions indifferently, we 
cannot tell, because we cannot place any matter in 
such a state to make a trial. 

T must own it appears to me. exceeding clear, 
that no particle of matter can move a single n- 
stant, without the presence of the moving cause.” 
In this proposition, motion is indeed considered, 
not as a mere. modification, but as something real, 
and which is always foreign to matter; so much 89, . 
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that matter continually obeys an active cause, which 
flows originally from a class of being totally distinct 
from that substance, which has impenetrability, ex- 
tent, figure, divisibility, hardness, and inertia in the 
first sense, for its characteristic properties: a class of 
beings, which are not the object of any of our five 
senses, except by this property of motion, which is 

erceived by us when it is communicated to matter; 
Fat of which we can form no conception, while we 
have only our five senses, or, in other words, while 
we are destitute of a sense analagous to the cause of 
1 000000. my 
Neither can I perceive any objection to this notion, 


as it is only the extension of another, that I admit 


in the fullest and most absolute manner, namely, 
that the first cause of motion neither is nor can be 
in matter; consequently, motion cannot be admitted 
as a pro ty Weg T2275 | 
Nor do I conceive how any one could possibly 
conceive that motion was essential to matter! How 
can any thing which has degrees, which may be 
divided by communication, be considered as an 
essential property? If so, all reasoning on these 
subjects is at an end. That, and that only, can be 
termed an essential property, which is inseparable, 
even by the imagination, from the subject to 
which it is attributed. Every thing else is only phe- 
nomenon. Pn ER 4 
I see that matter, in a general sense, follows the 
laws of motion; but then these laws being only 
to a communicated modification, for they also may 
be communicated, which is contrary to all notions 
of an essential or primary property. I feel as in- 
tuitively as I do any other axiom, that matter is 
essentially impenetrable, extended, figured, divisible, 
and that the atoms thereof may be hard, that every 
particle at rest perseveres therein till something 
puts it in motion. But I perceive also, with the 
| 82 | 
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same degree of evidence, that the idea of motion 
may be separated from that of matter, as easily as 


that of any other evident modification: If I, must 


then allow, that motion is essential to matter, in 


order to have the nature of man and the universe 
ned to me, I would rather choose to be igno- 
rant. And I exhort you to avoid such instructors; 
ſor knowledge you cannot obtain from tbem. Let 
Dinarzade, in the Arabian Tales, amuse herself with 


fictions: but do you seek for truth. 


Let us proceed, and by considering o one of the 
known laws of the motions which prevail in the 
universe, we shall perceive what further supposi- 


tions are necessary to the propositions we are com- 
bating. The law to be considered is that of gra- 


vity, by which Newton has spread so much light 
over the physical system of the universe. Now 


among philosophers there are those to be found, 


who consider gravity as an essential property of 


matter. We will endeavour to discover what can 


be meant by such a strange assertion. 
Gravity is that general phenomenon, or that law, 
in the operations of nature, whereby bodies approach 
each other; and which acts, as far as observations 
have hitherto determined, in the direct ratio of tlie 


 masses, but inversely as the Squares of the distances: 


By. it matter is grouped into masses of different. 
kinds; by it, and a simple rectilinear motion, which 
is perpetuated, the celestial orbs revolve in their 
orbits, This is the law that some would have us 
consider as an essential property of matter. | 

But who can conceive that a body can act 
where it is not, act without any thing intermediate? 
To suppose that two distant bodies should, without 
the assistance of any intermediate substance, produce 


motion in each other, is to invest matter with a 


power of beginning motion itself; a position false 


3 * 


and dangerous, and which. has brow turned ta. the 


o 11 
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purposes of atheism, by a modern philosopher of 
France. What two particles of matter are at 
100,000 leagues, or at the 100,000,000th part of 
an inch from each other, without any material 
communication between them; and yet, on account 
of the one the other is moved! Again, without 
any thing happening to one of the particles, let the 
other be placed at half the distance at which it was 
before, and they will move towards each other four 
times quicker! What magic power determines them? 
What! only because the distance is lessened, which 
is a mere non-entity, when there is no intermediate 
agent, the tendency-increases, and that accurately 
in a certain ratio! Let us shut our books of specula- 
tive philosophy, if they all hold this language; for i It 
is worse than unintelligible. 

It is not easy to comprehend how those philoso- 
phers, who reject a spiritual principle, an imma- 
terial soul in man, because they cannot conceive 
that a reciprocal action can take place between 
two substances which are not of the same nature,“ 
can, nevertheless, digest, and allow a reciprocal | 
action between the particles of the moon and those 
of the earth, without any thing intermediate, but 
the magica] power of the words, money is an essen- 
tial property of matter. ? 

If each particle of matter was even possessed of | 
intelligence, and could determine itself by motives, 
still it would be necessary to inform them of the sur- 
rounding bodies, to acquaint them with their mass, 
their relative positions and distances; in a word, of 
every thing that causes a partiele to move towards a 
certain point with a certain velocity. Who are the 
aides de camp that give this information? For such 
there must necessarily be. | 

Till there has been a serious and sound answer 
given to this question, consider gravity, and in ge- 
neral whatever else is included under the notions of 
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attraction and repulsion, only as appearances. or 
JJ THO Th i  OTLON 585 
. It was thus they were considered by that great 
man who has instructed us. Newton never con- 
sidered gravity or its laws but as facts. He as- 
serts clearly, that he only used the words attrac- 
tion and repulsion, to express effects of causes more 
remote, which general effects explained particular 
subordinate effects. And he declared at the same 
time, that he conceived these general effects might 
be produced by impulsion, and tried to be 
them as well as the particular attractions and re- 
pulsions, perceived in certain phenomena, by means 
of an universal elastic fluid, that he called ether, 
ascending always to a cause foreign to matter, for a 
first source of motion. 1 
Remember, that though it may be difficult to 
find a mechanical cause of gravity, which shall be 
altogether satisfactory, it is not difficult, as you 
have seen, to shew the absolute necessity for such a 
So long as you keep within the limits of physics, 

you must account for the motions of nature, by 


— referring them to mechanical causes; and where 


this cannot be done, you must consider them only 
as appearances, till you shall have some further 
hght by experience. Be not amused with names 
and qualities, which contradict the known laws of 
mechanism, and are used to supersede the agency of 
tbe elements. e 
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The universe appears to be one great machine, 
fitted and 'disposed to perform all the operations 
which are carried on throughout the whole. Noone 
part of it should be considered as acting, without 

being acted upon; and no individual can be consi- 
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gered as an agent, without being a patient. It is 
'  unphilosophical to say, matter in general, or an 
portion, has essential or separate properties, by whic 
one part acts upon another, It is the essential 
property of no one wheel in a machine to move its 
fellow, though, in consequence of its being placed 
in the station it is fitted for, it acts upon its fellow, 
because it is acted upon. „„ 
It is exactly the same with the whole system of 
nature. Tou cannot take up any parcel of matter, 
and say thereof, This has essential, separate pro- 
perties, which empower it to be a natural agent. 
A philosopher should consider it as a concrete, 
with a certain disposition of its parts, liable to be 
acted upon, by the more subtile parts of the ma- 
Chine. And it may as justly be asserted, that it is 
the essential property of animal substances to live, 
as that it is the essential property of the loac 
The visible system of this world, created, dis- 
posed, and set in motion by the power of God, 
acts as a machine does, a connection and commu- 
nication being preserved between all the distant 
parts. And you will find a mechanical agency 
takes place, to produce all the phenomena that 
surround you, and is concerned in the formation, 
growth, and support of animals and . e 
the more you consider and observe the whole sys- 
tem of nature, the mone clearly you will perceive, 
that impulse is the only known material enuse of 
motion. 1 | 
There are appearances, which have been hastily 
- considered as sources of motion, without any ade- 
quate cause: these are generally known by the 
names of attraction and repulsion, and are distin- 
guished into several kinds; that of bodies falling to 
the earth, is called the attraction of gravity, or, 
simply, gravity; that of the small parts of bodies to 
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each other, is called the attraction of Seien and 
80 of other species. | 

Here I must again caution you not to let words 
supply the place of real agents, or causes, where 


no causes have been discovered. Names may be 


used, as expressive of appearances, or to distin- 
guish one appearance from another, but no further; 
thus the motion of small bodies approaching each 
other, as that of iron to the magnet, or that of bo- 
dies falling to the earth, may with propriety be dis- 


tinguished from each other, by peculiar names, as 


magnetic attraction, attraction of gravity, &c. &c. 
But if you use these words for another purpose, 
and say, attraction is the cause of cohesion, the use 
is perverted, and becomes very exceptionable; the 
are then no longer the names of things — 
of facts, but they become names of ny and 
unknown things. 
Thus, when it js said, that the parts of bodies 
cohere by attraction, what idea have you of the 
thing signified by the word attraction? If you say, 


bodies descend to the earth by their gravity, what 


idea have you of this (gravity? If you say, they gra- 
vitate by attraction, what do you mean by the word 


attraction different from the fact? 


| We are under a necessity of giving a name to 
every known fact, whether cause or effect; but we 
ought not to give a name to a cause, while it is 


unknown; for this would be to use words without 
ideas, to perplex the mind, and to retard the progress 


of knowledge, by substituting an appearance for a 
reality. * 

If you examine the writers on this part of philoso- 
phy, you will find their notions vague, crude, and 


contradietory; sometimes the word attraction has no 
fed meaning; sometimes it is cause, sometimes 
effect; you will find their answers to every question 


n , it ppeatiafactory. If. you ask, where at · 


/ 


or reren AND 1 HS 


traction is seated, for instance, whether it be in the 
earth, or in the stone that falls down to it, of in 
both; or in neither, but in some substance este 
to both, you can obtain no answer. If you inquire, 
whether it be a material or an immaterial force, you 
are still left in the dark. | 

Many and greater are the difficulties and objee- 
tions behind against the use of this word; but for a 
full account of these, and of the contradictory man- 
ner in which it has been used by various writers, 
T must refer you to the Rev. Mr. William Jones's 
Essay on the First Principles of Natural Philosophy, 
and shall only give you some instances where it has 
been applied improperly to explain phenomena. 

Aqua fortis will dissolve iron. If you ask, why? 
the answer is ready, because the particles of iron are 
more attracted by those of aqua fortis, than either 
the particles of iron are by each other, or the parti- 
cles of aqua fortis by each other. By this attraction, 
the particles of iron and aqua fortis are separated 
from each other, and by the same attraction they are 
mixed and blended together. 
But then, this aqua fortis will not dizclve gold; 
but why? The answer is ready, for words are easily 
put together. There is no attraction between gold 
and aqua fortis. If you ask, why aqua fortis, which 
will not dissolve gold, will dissolve silver? the an- 
swer is ready, and the same as before; aqua fortis 
either does not attract gold at all, or else the mutual 
attraction of the particles of gold amongst one ano- 
ther, is greater than the force with which they are 
attracted by the aqua fortis. Ask again, why aqua 
regia, which will dissolve gold, does not dissolve sil- 
ver? you are again answered, that aqua regia at- 
tracts gold, but does not attract silver. 
I 0 evince how unsatisfactory a method this is of 
a. tor dissolution, you need oy ask those 


} 
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who maintain it, what they mean by the word at- 
traction? Put the word drawing instead of it, and 
you will find what they say may amuse but not 
Instract. Thus mquire why aqua fortis dissolves 
tron, or draws the particles of a mass of iron asun- 
der? you are answered, because aqua fortis attracts 
them more than they are attracted by each other; 
which is just the same as to say, that aqua fortis 
draws them asunder with a greater force than they 
draw one another. , Now, this is only to assign the 
fact (phenomenon) as a reason for itself: it is saying, 
aqua fortis will draw iron asunder, because it has 
a sufficient force to draw it asunder. This account 
is therefore very unsatisfactory; for I wanted not to 
be informed that aqua fortis has such a force, for 
that my senses informed me; I wanted not a name 
for a fact; I wanted to know what the force is by 
which the effect is produced. PATE 1 
It might be inquired, what attraction that is 
which dissolves hard bodies in fluids? Is it the 
attraction of cohesion? If they say no, but quite a 
different species; I do not see how they get rid of 
the charge of introducing so many different attrac- 
tions into nature, and thereby rendering their expla- 
nations no better than the Aristotelian one, by 
occult qualities, inscrutable principles, indeterminate 
powers. If they say, by the attraction of cohesion, 
they are evidently mistaken, for the bodies do not 
cohere so strongly as before. And it may be here 
observed, to the credit of Aristotle and his numerous 
followers, that though they supplied their ignorance 
by terms of art, yet they never assumed any previous 
maxim, which, while received, entirely prevented 
discovering the falsity and absurdity of their occult 
qualities. Es 
Lord Bacon considered all nature “ as filled with 
an aerial or fiery nature, and denied that the pores 
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ot cavities of tangible bodies admit of a vacuum, but 
that they contain either air or a subtile spirit proper 
to their nature and disposition. He treats this spirit 
as a material cause, rejecting all solutions as 
tended, unmeaning, and unphilosophical, which are 
deduced from virtues and qualities in matter, with 
which the schools in his times did very much abound. 
© Whatsoever is invisible,“ says he, © either in re- 
spect of the fineness of the body itself, or the small- 
ness of the parts, is but little inquired; and yet these 
be the things that govern nature principally, and 
without which you cannot make a true analysis and 
indication of her proceedings. The spirits or pneu- 
maticals that are in all tangible bodies, are scarce 
known; sometimes they take them for a vacuum, 
whereas they are the most active of bodies; some- 
times they take them for air, from which they differ 
as much as wine from water; sometimes they will 
have them to be natural heat, whereas some of them 
are cold; and sometimes they will have them to be 
the virtues and qualities of tangible parts which they 
see, whereas they are things by themselves: and 
when they come to plants and living creatures, they 
call them souls; and such superficial speculations 
they have; like prospectives that shew things inward, 
when they are but paintings. Neither is this a 
question of words, but infinitely material in nature. 
As to the motions corporeal within the inclosures of 
bodies, whereby the effects pass between the spirits 
and the tangible parts, which are rarefaction, colli- 
quation, concoction, maturation, &c. they are not 
at all handled, but they are put off by the names of 
virtues and nature, &c. and such other words.” | 
This reasoning will be illustrated by considering 
another instance, where the word, attraction, and its 
magic powers, have been substituted in the room of 
the true agents to explain effects; thus leading men 
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to conceive falsely of e and to affirm What Is 
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-. Immerge a glass tube into water, or any other 
- fluid except mercury; the fluid will be raised to a 

I» certain height within the tube above the surface of 

2 the fluid in the vessel, and its elevation in several 
3 tubes of different sizes will be nm as the 
| 7 diameters of their bores. | 
ll The fluid is said to be drawn up by the wivlctay 
ll it has from the principle of attraction, till the surface 
„ is loaded with as great a weight as that tendency can 
support; from hence we are told, that a right notion 
9 is obtained of the ascent of sap in vegetables. 
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If the sap ascends in vegetables on the same prin- 
ciples that water rises in a capillary tube, in those of 
the same diameter the sap should be raised to the 
same height, but no higher. Now, take one, for 
instance, in which water will be raised two inches: 
in a tube of a plant a heavy viscous juice will issue 
plentifully at the height of two feet, and that from 
vessels considerably larger than the orifice of a ca- 
pillary tube. 
The same quantity of liquor will be uspended i in 
a capillary tube, when its Tower orifice 1s lifted out 
of the water, as was raised in it while immersed 
under the surface. If che sap ascended in a vegeta- 
ble on the same principle, it ought to remain there, 
and be sustained by the attractive power of the ves- 
sels, when the orifices of them are exposed to the 
air. The contrary appears from experiment: if a 
branch of the birch be taken off, or a young tree be 
cut away, and held in the same perpendicular pos- 
ture in which it grew, the vessels will bleed copi- 
Say from the bottom, as when a limb 1s cut off 
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from an animal; and the like will happen to many 
other plants. Again, water will never run out at 
the upper orifice of a capillary tube, be it ever so 
short; Pat the stump of a vine will send up its sap 
into a tube cemented upon it, to the height of 20 
feet and upwards: the juices, are not therefore at 
tracted by the plant, but. realy compelled into its - 


: vessels. 


In a capillary tube, it makes no difference whe- 


ther there is air on the surface of the water or not, 
for the experiment will succeed equally well in va- 


cuo: but it is not so with the vegetable; no plant 
will take up its nourishment, no seed will germinate, 
as long as the air is absent. 

The capillary tube will not raise water to a greater 


height at one part of the year than another; but the 


rays of the sun, or the heat of an artificial fire, are 
so necessary to the growth of herbs, that in their 
season for taking sap, in their stature, and in their 
other qualities, they are wholly influenced by the 


sun's heat. When the sum is at its greatest exalta- 


tion in summer, the whole vegetable creation is in 
its greatest glory and beauty; as the sun declines, 


the vegetative motion languishes. But what is all 


this to the ascent of water in a capillary tube? It is 
to. apply a principle to explain a phenomenon, which 
in no one thing accords therewith. Thus it will 
always happen, when men connect together things 80 
ſoreign to each other, and account for an hundred 
experiments by one that hath not itself been ac- 
counted for. 

Other effects have been attributed to attraction | 


and repulsion, which, on more accurate investiga- 


tion, have been found to depend on hydrostatic 


principles. Among other instances, a repulsive 
power has been deduced from the appearances of the 
globules of rain which lie on the leaves of colewort, 


whose mobility and lustre have often engaged your 
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attention: on a close inqpection, the lustre is found 


produced by a copious reflexion of light from their 


_ flattened inferior parts. It has also been observed, 
that when a drop rolls along a leaf which has been 
wetted, its brightness disappears, and the green leaf, 
which before was scarce discernible, becomes very 


visible. From these facts it is inferred, . that the 


globule does not touch the plant, but is suspended 


at some distance in the air by the force of a repul- 
sive power, because there could not be any copious 


reflexion of white light from its under surface, unless 


a real interval subsisted between that surface and the 
plant. The Rev. Mr. Bennet, of Wirksworth, has 


shewn, that there is no occasion in this instance to 
have recourse to any. l powers; ſor the 
drops of water rolling over the 
are prevented from adhering to the surface by a blue 
powder, which covers the leaves of that and various 
other plants; for if the powder be wiped off, the 
water will adhere. The leaves of honey-suckles and 
barberry-leaves are blue on one side only, and the 

water adheres to the green side, and not to the blue. 
If the surface of a pond be struck with a stick, nu- 
merous globules of water roll over without breaking, 


while they pass several yards from the place where 


the water was struck. In these cases of apparent 
repulsion, every drop of water surrounded with air 


becomes globular by the cohesion of its own parti- 


cles; and unless its weight or contact with other 


surfaces be sufficient to overcome its cohesion, and 


displace the air, both of the drops and the surface 
which it falls upon, it retains its form and cannot 
unite with them. * 


The difficulty of overcoming this cohesion is ren- 


dered evident by experiments on soap bubbles, which 
will roll over or rebound from a carpet, though they 
are filled with nothing but smoke, which renders 
them heavier than when blown with clear air; pins 


eaves of colewort, 


hay © „ „ A 4h 
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may be thrust through them, and even the small end 
of a tobacco-pipe, so as to blow a smaller bubble 
within the larger, without its immediately breaking; 
but if a bubble fall upon a plane smooth surface, it 
instantly breaks. | 
Mr. Banks has also shewn, that the experiments 
made with clean bubbles of glass, or pieces of cork 
left to swim in water, &e. are no proofs of any at- 
tractive force. You may make the experiments in 
any vessel of glass or earthen- ware, five or six inches 
in diameter. 
If a clean cork be wet, and placed about one inch 
from the side of the containing vessel, it will ap- 
proach the side with an accelerated motion. 
If two corks be placed about an inch from each 
other, and at a sufficient distance from the side, 
they approach each other with: an accelerated mo- 


. 


Pour water into the vessel, till it is rather higher 
than the brim; place the cork close by the side, and 
it recedes with a retarded motion. 

Sink a piece of metal in the center of the vessel, 
so that the top thereof may be above the surface of 
the water; the cork placed at a proper distance will 
approach the piece of metal. 

Raise the water until the metal is covered, and 
the ONE will remain at rest at any distance from the 
meta 

In all these experiments, except the third, the 
water which surrounds the balls is elevated, as is also 
the water by the side of the containing vessel. 

Pieces I dry cork, or painted balls, placed gently 


on water and near together, will approach eac 
other; but if one be placed near the side of the con- 
taining vessel, adjoining to which the water is ele- 
vated, it will recede. 

That these phenomena do not depend on attrac- 
tion, is clear, 1. Because in the third experiment 
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they recede from the side to which they adhered in 
the first. 2. Because the balls, around which the 
fluid is depressed, universally recede from those 
around which it is elevated. 3. Because they are 
not attracted by bodies exceedingly near, when those 


bodies are perfectly covered with water. 4. Because 
assigning attraction as a cause is contrary to all 
sound reasoning in physics. a n SE 

It is no doubt better with Mr. Banks, £Grave- 


sande, &c. to explain these phenomena on hydro- 
statical principles. Every body that swims im- 
presses the fluid with a force equal to its own 
weight; the fluid re-acts, and presses the supported 
body with the same force; the sides of the body are 
also pressed by the surrounding fluid with forces 
which are as the depth. If the encompassing water 
be elevated round the body, the pressure will still 


be the same, or equal on opposite sides, so that 
without force the body cannot move; but if it be 
placed so near the side, that its elevated water 


joins the water elevated at the side of the vessel 
or by another ball, the pressure on that side is di- 


minished, while that on the other side, remaining 


the same, vill cause it to approach the side or other 


_ | 
In the same manner, if the fluid be depressed 
when the cavities meet, the pressure on that side 


will be diminished, and the bodies of consequence 


approach each other on the side of the vessel.“ 
The recess in the third experiment arises from the 
pressure being superior on that side next the glass, 


when the fluid is elevated above it, and the eleva- 


tion round the ball joins the declining surface near 
the edge; for, when the elevated fluid surrounding 


* When the circles of surrounding water meet, the pressure 
on the exterior sides forces them to form one circle, as two bubbles 


or drops of water unite and form one larger, and thus brings the 


corks, &c. together. 


„ 
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che ball, is caused to join the declining surface of 
the supporting fluid, it must then gravitate and 
press in all directions with more force, as there is 


more of it elevated above the surface of the sup- 


_ 


porting water.“ FS "Ws „ 

In these cases, -/ the attraction and repulsion is 
accounted for by the action of intervening fluids. 
Perhaps the elasticity of the air, electricity, and all 
other elastic fluids, may be explained in the same 


manner, that is, by supposing the mixture of a sys- 
tem of fluids, some of which are capable of perme- 


ating glass and other solids; as light, fire, magnetism, 
&c. so that when air, for instance, is condensed in a 


% 


vessel, the finer fluids are forced through the sides, 


and suffer the particles of air to approach nearer 


together.. 1 1 bps e 
Or, if the electric fluid be forced upon one sur- 
face of glass, a finer fluid, or system of finer fluids, 
which constitute its elasticity, is pressed out and 
rarefies the other uninsulated surface. This hypo- 


thesis of Mr. Bennet does not differ much from ano- 


ther of the wonderful Stagirite, and perhaps is not 
far from the truth: arguing against those who in- 
Sisted on a vacuum as necessary to motion, he says, 
* that a plenum is capable of being so affected as to 


consist very well with the motion of bodies in it; for 


its parts may yield mutually to one another, and give 


an easy passage to bodies, though the space in | 


which they move is full of matter. Of this we have 
instances in the circumgyrations of continuous bo- 


dies, and also of fluids; rior does it follow that there 


1s a vacuum, because some masses of matter may be 
compressed into lesser dimensions, for if water should 


„ ene cork raises, and the other depresses the water, the water, 
in endeavouring to restore the level, comes between and pushes 
them asunder. „ 

+ Bennet, Manchester Transactions, vol. iii. p. 123. 
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be forced into a 94d space, the air it contains 


will be forced out of it. Aristotle might have ad- 
ded, that if air be compressed, the fire is forced out 


cheese 


Dr. . en has endeavoured to nccount; for & 
very remarkable phenomenon by attraction, but it 
does not appear that attraction has any thing to do 


wich it. If a tube six feet long, perfectly clean and 
dry, be filled with pure quicksilver purged of its air 


by being boiled in the tube, upon inverting it, the 
quicksilver will not fall to the level, as-in the com- 
mon barometer, but the whole column will be sus- 
tained, till it is made to fall by some shock or stroke. 


How far this experiment may be carried, we cannot 


say; it has succeeded to the height of 75 inches.“ 
Now, says Dr. Hamilton, the pressure of the at- 

mosphere can only support about 29 or 30 inches of 

mercury; and therefore, some other agent (attrac- 


tion is meant) must have sustained the rest, by mak- 
ing its parts adhere to the glass. 


This cannot be the case; for, 1. Quicksilver do 
not adhere to glass in the manner water appears to 
do. 2. Quicksilver tends towards quicksilyer with 
more force than quicksilver tends towards glass, and 


is therefore depressed in capillary tubes. 3. Mr. de 
Luc has shewn, that glass and mercury are inclined 


to separate, and that the barometer is liable to an 


error on this account, which in accurate experiments 


must be corrected; therefore if a column of this fluid 
is extended within a glass tube, it will contract itself 
and collapse into the cistern, unless some other cause 
should interfere. 

Every body that is left at rest in a u free space, or 
where it has liberty of motion, will not remain at 
ant. but will be moved by the en of gravity 


/ 


* Hamilton's Four 3 Lectures, p 56. 
2 q Pe Disquisitions, p. 249. 
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till i meets with some impediment, balls the cause 
of gravity should be suspended, or some superior 

force act against it. | 
From the foregoing circumstances, which are de- 
monstrable by experiment, it is clear, 1. That the 
column is not suspended by attraction. 2. That it 
does not remain at rest from the inertia of matter. 
Consequently it is supported by some medium; and 
as the air is not adequate to the effect, you must 
have recourse to another medium more subtile and 
powerful than common air. 

Now in a large sense the pressure of the atmos= 
phere is the pressure of air and fire. Sometimes 
these two act against each other, as in the common 
barometer; sometimes they conspire together, as in 
the case of this extraordinary column. | 

When the tube is open at both ends, and the 
atmosphere has access to each, the air then acts 
against itself, and the mercury falls by its gravity 
into the cistern. | 

When the upper end is closed, che Ar them acts 
at one end and not at the other; and this is the rea- 
son why the mercury is sustained in the tube till it 
is a counterpoise to the atmosphere. 

On the same principle you may account for the 
higher or longer column. When the more subtile 
medium which can penetrate the mercury has pos- 
session of the top of the cavity in the upper part of 
the tube, it acts at each end; and being thus a 
counter-ballance to itself, nothing remains but the 
pressure of the air, which r a column equal. 
in weight to itself. 

But when that medium is excluded at top by the 
perfect contact between the mercury and the glass, 
and cannot pass readily through the substance of 
the glass, it acts only on the open end in conjunc- 
tion with the air, and thus produces a much greatet 
| | C 2 
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effect of the same kind than the air can do when i it 
acts by itself. 

Thus the extraordinary column is d to act 
on the same principle with the ordinary column, the 
one being from the pressure of the air only, the other 
from the pressure of air and fire together; as they 


are sustained on the same principle, so do they alss 


fall or subside on the same principle. If air insinu- 

ates itself at the lower and open end of the tube, it 

ascends to the top, and by its elastieity and expan- 

sion depresses the mercury; if more enters, it is 

more depressed; if a continual stream of air is 

admitted, it keeps moending to the top till it has 
expelled the mercur. 

Now, this is what actually e in the other 
case, for when once the more subtile element is 
admitted to the top by reason of the smallest separa- 
tion of the mercury from the glass, it follows rapidly 
in a stream till it has got full possession, and reduced 
the column to a counterpoise with common air. To 
prevent this, it is necessary that the contact must be 
rendered as absolute as possible by e purg- 

ing the mercury from its air. 

This experiment puts us in possession of a prin- 
ciple, which in its application will be found almost 
as extensive as philosophy itself. The pressure of 
the atmosphere, as demonstrated and explained by 
the Torricellian tube, enables you to give a satisfac- 

tory account of many phenomena, about which 
words had been multiplied for ages to little purpose. 
Here we have another force which comes into our 
aid, and will carry us through higher and more sub- 
tile phenomena, where air is inadequate; cohesion 
with such a medium as this is no longer difficult; 
and as to 77 if a column of so great a weight 


* See the actions of Mr. Huygens, Dr. Wallis, and Dr. Jurin, 
Phil. Trans, abridged by mt vol, 11, P. 25, &c. vol. v. p. 191. 
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Denn,... 


dou not fall because the medium is not admitted to 
Fetch it down, I can see no difference between that | 
and ms cause of gravity. 


OF Sit iviry CONSIDERED AS A FACT, 


Gravity 1s that force by which all bodies, when 


| left to nn fall towards the surface of the 
_ earth. 


The same force which causes them to fall when 
they are not supported, causes them to press on 
those obstacles which retain and prevent them from 
falling; thus a stone weighs or presses upon the hand 
which supports it, and falls in a line e e 
to the horizon as soon as the hand lets it c 

It was always known that bodies, left to them- 


selves, descended towards the earth, and pressed the 
hand which prevented them from falling; but as there 
were some bodies whose weight was scarce sensible, 


and which rose in the air, as feathers, smoke, flame, 


exhalations, &c. Aristotle said that there were two 


kinds of appetence (appetentia) possessed by diffe- 
rent bodies, one by which they tended to the center 
of the earth, which he supposed to be the center of 
the urtiverse; the other, by which certain bodies 
were driven from this center. 

Aristotle taught also, that all bodies fell in diffe- 
rent mediums with velocities proportional to their 


masses; but Galileo shewed, that the resistance of 


the mediums was the only cause of any difference in 
the descent of bodies, and that in an unresisting me- 
dium all bodies would descend with the same — 1 
In the air, indeed, a piece of lead will fall faster 
than a feather, but this is owing to the resistance 
they meet with from the air; for in an exhausted 


receiver, you have seen, that if they are both let 


fall from the top at the same instant, they will both 
come to che bottom together, and having fallen from 


tities of gravitating matter. 
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the same height in the same time, they must have 
moved with equal velocities; consequently the forces 
whereby bodies descend, must, at equal distances 
from the earth, be as the quantities of ponderable 
particles in the descending bodies. For, if a cer- 
tain force be necessary to carry down a certain 
quantity of matter with a certain swiftness, then 
double the force will be required to carry down 
double the quantity of gravitating matter with the 
same velocity, and a triple force to carry down a 
triple quantity of matter; so that the weights of dif- 
ferent bodies at equal distances from the center of 
the earth, or the forces with which they descend 
freely, or endeavour to descend, are to each other as 
their quantities of ponderable matter. 
That the gravity of bodies is eee to their 
guantities of gravitating matter, and does not depend 
2 the figure or the texture of their parts, is evident 
rom experiments on, the motion of pendulums: for 
when the lengths of the pendulums are equal, bodies 
of very different bulks, and different internal and 
external texture, perform their vibrations. in times 
exactly equal in equal arcs, keeping always pace 
together, and acquiring always equal velocities at 
the corresponding points of those arcs, unless so far 
as the resistance of the air may act upon them une- 
qually. . 
No, the quantity of motion in each is the pro- 
duct of its weight by its velocity; and, as the velo- 
oity is the same, it will be in proportion to the quan- 
tity of gravitating matter in each. But the force 
producing motion is in proportion to the d of 
motion produced; consequently gravity, which is 
the producing force, acts in proportion to the quan- 


\ - The force of gravity above the surface of the earth 


decreases in the same proportion that the squares of 
the distancęs from the center increases; so that if g 
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Dody at the surface of the earth, which is 4000 miles 
distant from the center, weighs four pounds, and 
falls through sixteen feet in a second of time, it will 
at double that distance weigh but one pound, and 
will fall through but four feet in a second of time. 

The force of gravity, when considered as acting 

differently on bodies at different distances from the 
center, is called the accelerating force, and is niea- | 
sured by the Fang It 18 able to generate in a given 
time. 
Though gravity, ctrictly speaking, decreases in 
the manner above-mentioned, yet, where distances 
from the earth's surface are inconsiderable compared 
with the earth's radius, the force of gravity may be 
considered as equal at all such distances. Thus, 
for instance, the gravity of a body at the distance of 
half a mile from the earth, may be considered as 
equal to the gravity thereof at the distance of a 
quarter of a mile, or at the surface itself; for the 
difference is 80 small, that if it be rejected, it will 
not occasion any error in the calculations. 

Gravity does not vary; it acts equally on all bo- 
dies at all times, whether they be in motion or at 
rest, and thus uniformly accelerates the motion of 
a falling body; that is, the velocity thereof will be 
increased, and the increments will be equal in n 
times. 

A few considerations will chow you, that a | forca 
constantly and equally acting, will produce a uni- 
form acceleration of velocity; for if you suppose the 
time of descent to be divided into a number of equal 
parts indefinitely small, in each of these gravity 
must make equal impressions on the body to carry = 
it downwards, and must consequently by each im- 
pulse generate a-velocity in the falling body equal to 
the former. Now, as all the velocities are in the- 
same direction, the last acquired must be-still added 
to the former; that 1 is, the velocity given in the first 
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accelerated motion, are always as 
1, 3, 5, 7, &c. and consequently the whole spaces 


odd numbers yield the squares of all numbers from 
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portion of time, will be doubled in the zecomd; tri. 
pled in the third, quadrupled in the fourth, and so 
on continually through the several portions of time; 
and therefore the velocity of the gs wil be uni- 


oh formly accelerated. 


To be a little more particelir; let us eu pose a 
body begins to move with a velocity constant and 
gradually increasing, in such a manner as would 
carry it through a mile in a minute; at the end of 


this space, it will have acquired a velocity sufficient 
to carry it through two miles the next minute, 


though it should then receive no new impulse from 
the cause by which it was accelerated: but if the 


same accelerating cause continues, it will carry the 


body a mile farther, on which account it will have | 
run through four miles at the end of two minutes; 


and then it will have acquired such a velocity, as is 
sufficient to carry it through a double space in as 


much more time, or eight miles in two minutes, 


even though the acceleratin g force should act pon 


it no more. 
But this force still continuing to operate in an 


uniform manner, will again in an equal time pro- 


duce an equal effect; and so by carrying it a mile 
further, cause it to move through frve miles in the 


third minute; for the velocity already acquired, and 
the velocity still acquiring, will each have 1 its com- 


plete effeðt. 
From hence we learn, that if the body should 


move one mile the first minute, it will move three 


miles the second minute, five the third, seven the 

fourth, nine the fifth, and so on in proportion. 
80 that the spaces described b — an uniformly 
the odd numbers 


are as the squares of the times, or of the last ac- 
quired velocities: for the continued addition of the 
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unity upwards. Thus 1 is the first odd number, 
and K is the square of 1; 3, the next number, 
added to 1, makes 4, which is the square of 2; 
5 added to 4 makes g, the square of 3, and so on 
for ever. Now the times and velocities proceed 
evenly and constantly, as 1, 2, 3, 4, &c. but the 
es described in each, as 1, 3, 5, 7 © Nc. it there- 
fore follows, that the _ described. ö 


In 1 minute will be. 1 | equal 5quare of 1 
In 3 minutes , 1 
In 3 minates 17 e 03 57% aw 
In 4 minutes q . 14+3+5+7 fs GI EEO. 
4 

Wherefore he spaces described in different times 
by a falling body, are to each other as the squares 

of the times from the beginning of the fall, or as 
the squares of the velocities acquired at * end of 
those times. 

As the motion of a body falling from a state of 
rest is uniformly accelerated, so likewise the motion 
of a body thrown directly upwards i is uniformly re- 
tarded; for the same force of gravity, which con- 
spires with the motion of a falling body, acts in di- 
rect opposition to the motion of such as ascend; 
therefore it will retard the one in the same manner 
that it accelerated the other. 

Whence it follows, that a body thrown directly 
upwards, will continue to ascend for a time, equal 
to that in which, by falling from a state of rest, 
it would acquire the same velocity with which 
it was thrown up. For since the action of ; 
is constant and uniform, in whatever time it 
nerates any velocity in a falling body, in the very 
Gs. time it must destroy that velocity in a rising 

6 | 
n Hance if a body be thrown directly upwards with 
à velocity equal to that which it aequired by falling 
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from any height, it will ascend to the same height 
before it loses all its velocity. U. 
Jo determine the absolute force of gravity at the 
surface of the earth, it is necessary to know through 
what space a body will fall in a given time; and, by 
very accurate experiments on the pendulum, it is 
found, that a body near the surface of the earth, 
falling from a state of rest, will descend through the 
space of about 193 inches in a second of time; con- 
sequently, the force of gravity acting on a body 
Only for one second of time, will give it such a ve- 
Jocity, as being continued uniform, would carry it 
through thirty-two feet two inches in one second, or 
through very near twenty-two miles in an hour. 
Here, however, I must observe to you, that 
bodies do not descend in all climates at the rate of 
193 inches in a second of time, but only in such 
Places as are in or near the latitude of forty- nine 
degrees. In places more distant from the equator, 
the descent is quicker, and slower in those nearer 
thereto. For it has appeared, from a great number 
of observations, that the force of gravity is less 
under the equator, and that it continually increases 
as you approach towards the poles, where it is 
greatest. | | 9 8 
This difference arises chiefly from the rotation 
of the earth round its axis, by which all bodies on 
the surface acquire a centrifugal force,* and would 
fly off if they were not retained by their gravity. 
Now, as all these bodies revolve uniformly 
round the earth's axis in twenty-four hours, either 
in the equator, or in circles parallel to it, their velo- 
cities, and consequently their centrifugal forces, 
must be as the peripheries of the circles they de- 
„ 
* By the centrifugal force is meant, that force which we see 
makes bodies, lying loosely on a wheel or globe, fly off when it re- 


volves swiftly round its axle; and this arises from their tendency 
No move on in a right line. | 
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scribe; and therefore, as the equator is the greatest 
of all those circles, and others grow less and less 
us they are more and more distant from the equator, 
the centrifugal force of bodies must be greatest in 
the equator, and be continually diminished towards 
the poles, till at last it vanishes at the polar points. 
As this force acts in opposition to gravity, it must 
of course diminish it, and this diminution must be 
greatest in the equator, and grow less and less in the 
approach towards the poles. | ts 
There is also another reason why the force of 
gravity should be more diminished by the centri- 
fugal force at the equator, than in any other place, 
which is this: The centrifugal force always causes 
a body to tend from the center of the circle in 
which it moves; and therefore it must act in di- 
rect opposition to the force of gravity at the equator, 
whose center is the same with that of the earth: 
but as the centers of all the circles parallel to the 
equator, are at several distances from the center of 
the earth, in every such circle the centrifugal force 
acts obliquely against the force of gravity, and the 
more so, as the circle is nearer to the pole, and 
therefore cannot diminish it so much as it does at 
the equator. „ 
Sir lsaac Newton has proved, by a most ingenious 
method of computing, that bodies at the equator 
lose z5>th part of the weight which they would have 
if they were placed at the poles; and has shewn, 
that the equatorial diameter of the earth exceeds the 
polar diameter, or the axis round which the earth 
turns, by about thirty-four English miles and 3; for 
af the equatorial parts of the carth, where the waters. 
are lightest, were not so much higher than the polar 
parts, where they are heaviest, the seas about the 
poles would subside, and rising at the equator, 
would overflow the lands thereabouts. Fa | 
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for all the regularities of t 
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This law of gravitation is not confined to the 
matter of which our earth is formed, but 1s found 
to extend to all bodies that come any way under 
our observation. Sir Jsaac Newton has shewn, that 


the moon gravitates towards the earth, and is re- 


tained in her orbit merely by that force. And since 


the revolution of the moons round Jupiter and Sa- 


turn, and of the primary planets round the sun, are 
phenomena or effects of the same kind with the 


revolution of our moon round the earth, he con- 


cludes, by the second rule of philosophizing, that 
all these effects must proceed from like causes, and 
therefore that the moons of Jupiter and Saturn gra- 

vitate towards their primaries, and that all the pri- 
mary planets gravitate towards the sun. He has 
also shewed, that if one body attracts another with 


any force, with the same force does that other 
body attract it; so that the earth must gravitate to- 


wards the moon, the sun towards the planets, and 
they all towards each other. He has proved likewise, 
that the attractive forces of these great bodies act ac- 
cording to one universal and invariable law, which 
is, that every two of them attract each other with 
forces that are directly as their quantities of gravi- 
tating matter, and inversely as the square of the 
distance between their centers. 8 £ 

Sir Jsaac Newton's great discovery consists in his 
having proved, that the well-known power which we 


call gravity, acting throughout the solar system, 


according to the law above-mentioned, preserves 
the planets and comets in their motions round the 
sun; and that this force is fully sufficient to account 

A lunar motions, for 


the retrogression of the equinoctial points, and for 
the tides in our seas, whose waters gravitate towards 
the moon. 

All this he has done by chewing, from mathema- 
tical calculations, that this force, acting on those 
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bodies; must necessarily produce such affect" and 
' appearances; as exactly correspond with those which, 
the best observations assure us, do ny take place 
in nature. 


REFLECTIONS ON GRAVITY AS A LAW. * 1 


1 


In forming a 4 general law for the explanation of 
phenomena, we must take care, that it is founded 
upon actual principles, which should be clearly 
seen; otherwise, whatever follows in consequence 
of the general law is no more than conjecture. 
But supposing the law to be properly founded on 

unquestionable principle, yet the law is not to be 
extended beyond those natural appearances that by 
it are explained: these, with respect to gravity, 
are the gravitation of the distant bodies of the sys- 
tem. To apply the laws, by which the gravitation 
of bodies has been generalized, for the purpose of 
explaining other phenomena, without good reason 
for such analogy, would be to depart from the evi- 
dence of science. 

It is therefore of considerable importance to 
know the nature and extent of those laws, which 
are to be employed in generalizing gravity; for, 

by admitting such a law in any degree more general 
* it truly is, or by applying it improperly to 

a subject in which it has not been investigated, 
instead of making any farther progress in our 
knowledge of the material system, we might in- 

troduce inconsistency in nature by this system of 
our own. 
Gravity is that action by which a body feels heavy 
when supported by our hand, and by which, when 
unsupported, it falls to the ground. 


_—_ oY we kl 


* Hutton s Dissertations on different Subjects i in Natural Philo- 
 80phy, p. 327, &c. 
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Hence it appears, that gravity is a | principle of 
action, which 1s relative in its nature, when consi- 
dered as weight in a body; for, in this ease, there 
is also another action required, by which that weight 
must be supported, and it is only when unsupported, 


or not counteracted in its intention, that gravity, 


as an active power, appears to produce an effect 
peculiar to itself. Thus gravity appears to be a 

principle of action of two kinds; it is a resisting 
power, when the action of another power is op- 
posed to the weight of a body; it is a moving 


power, when a body is suffered to fall or acts by its 


own weight. 
Weight in bodies, when it is not actually pro- 
ducing motion, may be called a pressing power, 


sceing it is then continually soliciting to motion, 


with a certain force, though not actually progecny 
that effect. 


So far as the volumes of bodies are considered 
as regularly connected, and corresponding to gra- 


vitation, the pressing power of gravity would ap- 


pear to be various in its intensity or force; for no 
regular proportion is observed as always taking 
place between that force and the volume of bodies; 
bodies having not only their volumes changed, while 
their weight remains the same, but also different 
substances in equal volumes, are found to have va- 


rious weights, or pressing powers. 


With regard, however, to different bodies of 
the same, or similar substances, it is otherwise; for 
in this case, there is an invariable rule observed 
in the proportion of their volume and weight, 
which last is always the same in equal or similar 
conditions, whatever be their figure, and is always 


in proportion to the e or magnitude of that 
substance. 


But as from this it does not neegssarily follow, 
that the quantity of matter should be in proportion 


. 
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to the pressing power, or tendency which the body 
has to move, it cannot hence be concluded, that the - 
weight of bodies is in proportion to their quantities 

or: inter, 1 OL 

Hence it will appear evident, that this received 
maxim, that in bodies their weight and matter 1s 
the same, 1s an assertion destitute of truth and utility. 
That it is contrary to the actual state of things is 
evident, because bodies have other moving and re- 
sisting powers besides those of gravitation. That it 
has no utility will appear from considering the im- 
port of the maxim, that the weight of bodies is in 
proportion to their matter; for so far as matter is 
not known otherwise than by its weight, this maxim 
adds nothing to our knowledge. | 

I be expression therefore of gravitation being in 
proportion to the solid matter of a body, must be 
rejected, as either having no distinct or proper mean- 
ing, or as liable to give a wrong idea of that power 
constituting ponderability, but which does not ne- 
cessarily belong to all matter, or to every external 
thing. 5 ok b 

That it is necessary to correct this maxim of 
gravitation being in proportion to the solid matter 
in a body, will appear by considering, that this po- 
sition is only a supposition, and that this supposition 
rests upon another, namely, that physical bodies 
have a proportion of vacuity in their substance. 

Now we have no evidence of any vacuity in 
nature, nor that there is any such porosity as im- 
plies a vacuity or want of matter; nor ought it to 
be admitted without better proof of its existence 
than bare supposition or conjecture. Therefore 
the proposition grounded on this idea, can be con- 
sidered only as an hypothesis, and must not be ad- 
mitted as a principle, in order to make another truth 
appear. | | 
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„ Any one who knows that resin consists chiefly 
of phlogiston and acid, and that it contains very little 
earth and water;, although he had never weighed 
resin, might conclude therefore, that its specific 
gravity must be much less than that of a stone or 


metal, even when the pores in these bodies are equal. 
Those philosophers who consider gravity as acting 


equally upon all kinds of matter, impute the dif- 


ference of specific gravity of bodies to the dif- 
ferent densities of bodies, and thus a cubic inch of 


gold is supposed: by them to contain about sixteen 
times more matter than a cubic inch of resin. It 
might be expected, that these philosophers, who are 
strong advocates for experimental proof, would have 
supported their hypothesis by experiments, directly 
proving that resin is sixteen times more porous than 
gold. But nothing has been done to this purpose. 
Some observations have been indeed made with re- 
spect to the inertia of matter; but they only prove, 
that inertia relates to the gravity of bodies, not to 
their quantity of matter.“ Fo | 
Notwithstanding the universality of gravity, which 
is continually operating in every part of the universe, 
yet various phenomena clearly prove, that there are 
powers which act in a direction contrary to that of 
gravity. As some of these have been already noticed, 
and others will be mentioned hereafter, I-shall only 


point out a few in this place. Dr. Halley allowed, 


that there was, in a certain degree, a conatus against 
gravity from those steams and exhalations which arise 


within the bowels of the earth; and such a power 


seems also necessary for the elevation of vapours.* 
The remarkable phenomenon of the perpendicular 


growth and position of plants and trees, must be 


attributed to the constant agency of some force, 


* Atwood on Rectilinear and Rotatory Motion, p. 178. 
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external to the plant or tree itself; for if the ground, 
on which a vegetable is planted, be inclined to the 
horizon at any angle whatever, the plant will, how- 
ever, soon obtain a direction perpendicular to the 
horizon, and will continue to increase in that di- 
rection. „„ TS Hpet: 
Another phenomenon may be here mentioned, 
namely, if a bar of metal be fixed in a vertical di- 
rection, and heat be by any means applied to the 
middle of it, this Heat will be communicated to the 
upper part of the bar, when the temperature of the 
lower part 1s scarcely altered. N | 
Light must be acted upon by a power in a direc- 
tion contrary to the principles of gravitation; for as 
all bodies near the earth gravitate towards the earth, 
so do bodies in the heavens gravitate towards the 
sun. But a flood of matter is sent off every mo- 
ment from his orb, in a direction opposite to that of 
the gravitating body, and this in so large a quantity, 
that no space, however small, could be assumed 
within the solar system, where the point of a needle 
could be opposed to the sun, without stopping some 
thousands, or millions, of the particles thus sent 
„„ 85 
Still, gravity may be considered as the combining 

cement, the operative spring of the mighty frame: 
urged by this principle, the rivers circulate with a 
never- failing current; it confines the ocean within 
its bounds, and the planets within their orbits; thus 
the same force which determines the fall of a stone, 
is one of the ruling principles of the heavenly mo- 
tions; thus every where you find a wonderful me- 
chanism, whose simplicity and energy give un- 

compu tokens of the profound wisdom of its Au- 
A ; 45 
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50 
MIND AND MATTER ESSENTIALLY DIFFERENT. 


Nothing in the action of matter can induce you 


to think, that its action proceeds from any sense, 


perception, intelligence, or will; or that sense or 
will can be essential to matter; or that they are na- 


turally involved or complicated with the actions of 


matter: for our ideas of the actions of matter are 
perfect and complete, though it were supposed, that 


where but in ourselves. . 
Since we cannot doubt of the existence of sense, 
or perception, intelligence, and will, they must be 
the actions, operations, or properties of some kind 
of being, distinct from what is commonly called 


sense, perception, intelligence, or will, existed no 


matter. There is nothing in the actions of motion, 


resistance, or elasticity, that raises in our minds any 
idea of sense, perception, intelligence, or will; other- 
wise we could not conceive any machine, for ex- 


ample, a mill, without at the same time conceiving 


that it may have some degree of sense, or percep- 
tion, or intelligence, or will. 

There is nothing then in the idea of the actions 
of matter, by which the parts of it can form them- 
selves into any kind of regular system, with any 
view to serve any purpose or end; neither is there 


any thing in any system of matter that we know, 


which necessarily supposes an existence of that sys- 
tem, or without which we cannot imagine matter to 


exist. We cannot conceive any thing essential to 


matter, whereby such a quantity of matter, for ex- 
ample, must exist in that part of space, where the 
sun now exists, that it should contain such a pro- 
portion of resisting matter, and such another pro- 


portion of light; that it should be a globular figure, 
&c. or why one part of matter should be collected 
and placed in such order, as to form an animal; an- 
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other part in such another order, as to form a vege- 


table or plant. If there be nothing in the actions of 


matter to do this, then it must be done by something 
different from matte. | 

We have no idea of substances ; we have as little 
knowledge of the substance of material beings, as 
of intelligent ones; we have no idea of the thing in 


| which the power of resisting, or of moving, or of 


re-acting, subsists; as little as we have of the being 
in which intelligence subsists: but we may have ideas 
of the actions or operations of intelligence, as we 
have of the actions of matter, or as we have of mo- 
tion or resistance. i 
The essential or characteristic distinction between 
the material agent and the intelligent agent is this: 


the material agents act always uniformly, and in all 
directions; they have no power in themselves to in- 


erease their force of action, or to determine it to 
one direction more than to another; all alteration 
in their action, or in the direction of them, is made 


by something external, which for that reason is called 


an efficient cause; they have no will, purpose, view, 
or design in their action: but the intelligent being 
determines and directs its own actions, by the pur- 
pose, design, or view which it has; and therefore 
Its actions are said to be determined or directed by 
final causes, and this direction by final causes is 
called the will, therefore in all actions of intelligent 
beings, which are likewise called moral actions, the 
intention, purpose, or will, is principally to be con- 
sidered. This is the guiding principle in morality, 
policy, and religion. 4 
The actions of intelligent beings cannot be the 
object of mathematical inquiry; for quantity, and 
the ratios of quantities, are the sole object of mathe- 
matics; but there can be nothing of quantity in de- 
sign, intention, or will- therefore any inquiry into 
the actions of an intelligent agent must be on dif- 
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ferent principles from what are used in an inquiry 


into the actions of matter: but frequently our ideas 


arise from the complicated actions of infelligent and 
material agents, in which case a mixture of mathe- 
matical and metaphysical principles become neces- 
sary in our inquiries.* e 
«© To perceive, to compare, to desire, to will, 
to feel pleasure and displeasure, require a simple 


substance, which must represent to itself things 


which are distant and separated, collect things 


which are scattered, and compare things which are 


different. All that is spread over the wide space 
of the corporeal world presses itself here together, 
as it were, into a point, to make out a whole; and 


what is past is in the present moment brought into 


contact with that which is to come. Here is neither 
extension, colour, motion, rest, space, nor time, 
but an active being which represents to itself exten- 
sion and colour, motion and rest, space and time, 
combines, separates, compares, selects, and po: 

sesses a thousand other capacities which have no 
relation to extension or motion, attraction or repul- 
sion. Pleasure and displeasure, desire and aversion, 
hope and fear, are no change of place of little atoms. 
Modesty, benevolence, philanthropy, the charm of 
friendship, and the sublime feeling of piety, are 
something more than the agitation of the blood, 
and the beating of the arteries, with which they 


are usually accompanied; nor can tney ever be con- 


founded together but by 1gnorance, folly, and infi- 


delity.“ 


* Colden's Principles of Action in Matter, p. 158. 
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LECTURE XXV. 


THE op1NIONs OF THE ANCIENTS CONCERNING 


STOLL MATTER, AND OF " MATERIALISM. 
Marnie given you: an | account of the properties 
that are essential to matter, and of the force of 
vitation so universally acting thereon, I shall now 
endeayour to give you some idea of the opinions of 
the ancients on matter; * these are not only highly 
interesting in themselves, but even throw mach 
light on the physics of the moderns. 

They considered the visibility of matter not a ne- 


cessary consequence of its creation, but to arise 


from its formation. The smallest particles of matter 
in solution are invisible; thus a mineral water 
strongly impregnated with iron, is clear and trans- 
parent as any other water, though the particles of the 
metal are copiously distributed through the whole 
body of the fluid. As soon as they begin to con- 


erete into masses by the addition of an astringent, 


they shew themselves, the water becomes turbid, 

and by degrees turns as black as ink: by the re- 
verse of this operation, ink, with the addition of a 
strong acid, will be turned into a colourless water. 
The sky, though retaining a very large quantity of 
water, preserves its clearness so long as the moisture 
is in a state of solution; but as soon as the atoms 

of water are assembled together i in masses, by means 
of some Haage in the temperature of the air, the 


* See the works of Mr. A particularly the eee 
Arrangements, and the Hermes; Sydenham's Plato; Jones's Phy- 
Siological Disquisitions; Petvin on Mind; ' Monboddo's Ancient 
Metaphysies; R. Clarke's Series of Letters; Berrington's Immate- 
an Delineated; Cudxyerth's s Intellectual System, &c. 
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sky is overcast, and becomes dark and cloudy. The 
viability, therefore, of matter commences when it 


concretes and assumes a ſorm; 80 long as it is 
formless, it is also invisible. The chaos, in its pri- 
meval state, is said to have been without form, or, 
according to the Greek version, invisible; and the 
Scripture, referring elsewhere to this condition of 


the world, tells us, that things which are now 


seen were not made of things that do appear; in 
other words, visible forms were eee of invi- 
sible atoms. 

Though matter is no. object of our. knowl 
but | in its formed state, we are nevertheless oblig 
to understand a kind of first matter, out of which alt 
the visible forms are raised, and into which they re- 
turn at their dissolution. 

The ancient Philosophers carried 1 0 epooula- 


tions on this subject very far, supposing t 


matter to be homogeneous, and accommodated to the 


formation of all sorts of bodies indifferently. 
Matter they conceived to be that elementary con- 
stituent in composite substance, which appertains 
in common to them all, without distinguishing them 
from one another. Every thing nad. or made, 
whether by nature or art, is generated out of 
sometbing else, and this — else is called its 


subject or matter; such is iron to the saw, such is 
timber to the boat. | 


Thus matter was considered as an homo nents 


being, the common basis or element out of which 
all bodies were formed; it therefore implies a priva- 
tion of all form, and a capacity to every ſorm, as is 


the brass to the statue, the marble to the pillar, tbe 


timber to the ship, or any one secondary matter to 
any one peculiar form; so is the first and original 
matter to all forms in general, possessing no quality 


whatever except that of being passive in receiving 


any sort of form; a notion framed by rejecting every 
3 
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evety bound that can be set to substance, and every 
positive attribute except the bare capacity of receiv- 
ing some form or other. 

Such is that singular being which those philoso- 
phers, says Mr. Harris, who ate immerged in sen- 
sible objects, know not well how to admit, though 
they cannot well do without it; a being which 
flies the perception of every sense; and which is at 
best even to intellect but a negative object, no other- 
wise comnprehensible than either by alot or ab- 
straction.* 

This invisible and formless being, the universal 
recipient of all ſorms, was by ancient poets and my- 
thologists pourtray ed by Saturn, who signified this 
hidden and secret state of matter, out of which all 
visible forms are generated, and into which they sink 
again; whence he is reported to have devoured his 
own children. The decay of forms being the work 
of time, Saturn had also the name of Kronos. He 
is fabled to have been married to Ops, because matter 

when united to form becomes visible; and Ops is 
called the mother of the gods, because their gods 
were the elements in a formed state, and were no 
objects of worship to them till they became visible. 
The same idea you will find under the allegory of 
Proteus, or original matter the receptacle of all 
forms, who is said to be discovered by Eidothea 
his daughter, by her leading him forth out of capa- 
city into actual form. 

It is well observed by Plato, that while we are in 
this state of existence, slumbering and as it were 
dreaming, v we cannot see the truth of things except 


\ 


* Faun a it stand _ the same 8 to the 
toueh, as darkness stands to the sight, silence to the hearing. We 
cannot be said to see the one, or hear the other; and yet, without 
the help of those two senses, we could have no comprehension of 
those two negations, or sensible privations. | 
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by Shadows, as we see them in our sleep; and it is a 
certain truth, that we do not know the substance or 
essence of any of the works in nature, but only some 
of their qualities and properties; for example, all 
that we know of any animal or vegetable is, that it 
has such or such qualities, and by these we define it; 
but what is the substance of it, and what is the 
hidden essence producing all chose visible ene 
we cannot tell. 
It is the same with bodys it would seem that this 
| were only the outward cover, that there was some 
such primary matter as has been mentioned common 
to all visible things, and becoming the subject of 
the natural or sublunary elements. The conception 
of an original matter, and which can only be deno- 
minated from its capacity or aptitude to receive all 
forms, appears essential to any rational theory of the 
constitution of things. | 
To this principle we must add form, which draws 
matter as it were out of its chaotic state, and im- 
presses it with a distinctive character, and renders 
it an object of the senses; not that there ever was 
actually any matter without body, or body without 
quality, but they may be so separated by the mind 
for the better contemplation of the well-ordered ge- 
neration of things. | 
The first form that matter assumes is extension, 
by which its parts become contiguous, that is, join- 
ing to one another, and having one common boun- 
dary which-is threefold, length, breadth, and depth; 
matter triply extended, is what may be called pure 
and original body; extension enters into the pri- 
mary conception of body; but yet extension, though 
the inseparable quality of all bodies, is itself pre- 
eeded by something as its source or principle of 
eduction, without which it would not exist. Thus 
a paint or unity is the essential constituent of a 
line, the line of a superficies, the superficies of 
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2 solid; 80 that unity is the essential principle of 
extension, which is an effect arising from the 
arrangement of units or points, as number is sup- 

posed to flow from the succession or ee of 
units. Ne 

Body, even Ader this character, is stil too vague 
for scientific contemplation; its extension must be 
bounded, but the bound or limit of body 1s figure, 
which becomes the next form after extension. . 

But matter thus extended and bounded by figure 
is still something yague and indefinite, searce an 
object for the natural philosopher; it is only body 
mathematical; but this not being sufficient for the 
purposes of nature, it must be invested with other 
forms; not only the external form must be duly 
bounded, but the internal parts must be duly or- 
ganized, that is, the materials must be properly ad- 
justed, disposed, and arranged, which ms rise to 
body physical. 

These three, extension F figure, organization, were 
considered as sufficient to characterize physical 
body; figure having respect to its external, organi- 
zation to its internal, extension being common to 
both. "oy 
From a variation in these nil and 85 
e may arise most of those secondary forms, 
usually called qualities sensible, being the proper 
objects of our several sensations; such are roughness 
and smoothness, hardness and softness, the tribes of 
colours, savours, and odours. 

Thus matter, the elementary constituent of every 
composite substance, is a chaotic mass, void of every 
property, but capable of becoming the basis or re- 
 cipient of every form; it is therefore itself formless, 
imperceptible, and passive. But of this universal 
and common subject, body is produced by the in- 
troduction of forms or qualities, which invest and 
characterize particular Portions of it; as in the 
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works of human art, out of one common mass the 
skill of the statuary educes those beauteous forms, 
in which a Venus or a Hercules loves to charm and 
astonish us. | e 
The form or essence of every natural sub- 
stance, or in other words, its system of internal 
qualities, extends itself outwardly every way from 
within; and as it must necessarily stop somewhere, 
50 according to the different points at which it 
stops in its evolution, it communicates to each 
substance a different and peculiar figure. Hence 
the true character of every natural and specific 
figure, which is not to be considered as a mere 
surface, but the bound to which the internal essence 
or form every way extends itself, and at which it ter- 
minates. ee ee „ | 
Hence of all the external qualities there is 
none so characteristic as figure; it is a kind of uni- 
versal signature, by which nature makes known to 
us the several species of her productions; the pri- 
mary and obvious test by which we pronounce this a 
vegetable, and that an animal; this an oak, that a lion. 
If you proceed from natural subjects to works of 
art, you will find that figure is almost all that art is 
able to communicate; it is to this that the painter 
arrives by addition, the sculptor by detraction, the 
founder by fusion, and the stucco artist by moulding. 
Even when you contemplate the tools of art, you 
will find the figure a principal cireumstance. It is 
from this that the saw divides, the hammer drives, 
and the pincers extract; and it is from their figure, 
not materials, that they derive their character and 
name. e | | | 

All natural and artificial things partake of form, 
and partake also of matter; form is derived to them 
from mind; superficial form is derived. to the works 
and performances of art, from the minds of human 
artists; internal and essential form is derived to the 
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works and operations of nature from the Divine 
Mind. For though the common subject matter of 
all external forms or beings be in itself boundless and 
void of all form, yet it is every where bounded and 
impressed with form by the Great Cause of alt 
things, from whom proceeds every form, the bound 
of every distinct being, and the whole of its essence 
or essential nature. The ancients allowed the ne- 
cessity of a spiritual agency to animate and produce 
form, that it might be conjoined to the Divine 
Being, and subjected to the Divine Providence; 
bence matter received that specific form, which is 
most agreeable to the order and beauty of the uni- 
verse. Through the whole universe, we see matter 
bearing the marks of mind, and every where 1m- 
pressed with the. prototypes of genus and species; 
we see all animals continually seeking by natural 
instinet the welfare of their own being, the conti- 
nuance of their kind, the preservation of their off- 
spring; and we feel ourselves, in the rational part 
of our nature, charmed with the sight of beauty 
and smitten with the love of it; we feel our minds 
urged on to inquiries after truth as it were by a 
presensation of its supreme beauty, and a precon- 
ception of its being to us a good; impulses 80 
strong, that however often we may be diverted from 
such inquiry by the necessities of the body, by fancy, 
or passion, or the desire of imaginary good, yet, 

when left to the exercise of its own faculties, unhin- 
dered and undisturbed, the mind is always in pur- 
suit of it, tracing it through the natural and neces- 
sary connexion of ideas; and when it has found it, 
is never driven away from this attachment so long as 
it turns the inward eye thereto. Thus our view of 
all the forms of outward nature, our experience of 
the disposition of all animals, and the consciousness 
of our mental feelings, sentiments, and actions, con- 
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spire to evince to us the spiritual and divine agency 
that runs through the whole, | 
Prom form and figure, the ancients proceeded to 
another and higher form, the life, or animating prin- 
ciple, which was conjoined in many instances to 
matter: these are forms which characterize not by 
visible qualities, but by their respective powers, 
operations, and energies. As is the piper's art to the 
pipe, the harper's to the harp, so is the soul of the 
lion to the body leonine, the soul of man to the 
body human.“ 14 bs 
SE is to this diversity of spiritual power in theve 
that the diversity, of the organization in the corpo= 
real world has reference. That strong and nervous 
leg, so well armed with tearing fangs, how perfectly 
is it correspondent to the fierce instincts of the lion! 
Had it been adorned, like the human arm, with 
fingers instead of fangs, the natural energies of a 
hon bad been all of them defeated. That more de- 
licate structure of an arm, terminating in fingers so 
nicely diversified, how perfectly does it correspond 
to the pregnant invention of the human soul! Had 
these fingers been fangs, what had become of poor 
Art, that by her operations procures us so many 
elegangies, and utilities? It 1s here we behold the 
harmony between the visible world and the invisible, 
between the active and the passive, between the 
living and the lifeless. The whole variety in bodies, 
as well natural as artificial, is solely referable to the 
previous variety in these their animating essences; 
it is for the sake of these they exist; it is by these 
they are employed; and without them they would 
be as useless as the shoe without a foot. 2 


** Those, says the PER who aloud the notion of olacing any | 
soul in any body, talk as absurdly, as if a person was to say the 
carpenter's art might enter into a musician's pipe: now it is neces- 
sary every art should use its proper instruments, and every soul its 
proper body. 
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As nothing can become kfiown by that which it 
has not, so it would be absurd to describe these 
spiritual powers by any visible or other qualities, the 


objects of our sensations. The sculptor's art is not 


figure, but it is that through which figure is im- 
parted to something else. The harper's art is not 
sound, but it is that through which sounds are 


called forth from something else. They are of 
themselves no objects either of the ear or eye; but 


their nature is understood in this, that were they 
never to exert their proper energies on their proper 
subjects, the marble would remain for ever W 
the harp would remain for ever silent. 

It is the same in natural being; the living essence 
of a natural being is neither its organization, nor its 
figure, nor any other of those inferior forms, which 
make up the system of its visible qualities; but it is 
the power, which not being that organization, nor 


that figure, nor those qualities, is yet able to pro- 


duce, preserve, and employ them. It is the power, 
which departing the body, ceases to live, and the 
members soon pass into putrefaction and decay. It 
is in mind that forms exist, before matter can re- 
ceive them; it is from wind; when they adorn 
matter, that they primarily proceed; so that whether 
we contemplate the works of art, or the more excel- 


lent operations in nature, all that we look at as 


beautiful, or listen to as harmonious, is the genuine 


Ca or emanation of mind. 


These transcendant objects are of an origin 80 
truly mental, that nothing but mind or intellect can 


recognize or comprehend them. Henee, if this in- 
tellective faculty be wanting, as it is in inferior ani- 
mals, or be unhappily debased, as too often happens 
to our own species; though their sensitive organs 


may be exquisite to a degree, yet are such to such 


objects, as if they had no organs at all. Eyes 


have they, and see not.“ 


62 AxclENT ortxions of 


From this view of things, we see that means do 
not lead to ends, but ends lead to means; that it 
was not the organization of the sheep's body which 
produced the gentle instincts of the sheep; nor that 
of the lion's body, which produced the ferocious 
instincts of the lion; but because in the divine eco- 
nomy of the whole such spiritual principles necessa- 
rily exist, they are cloathed with such bodies as are 
aprecable to their respective natures, and fit for their 
roper business in this world, 

But still all the different capabilities of mind and 
matter are derived from the Almighty Being, who is 
the source of all capacity, as well as of all power; 
who hath distributed amongst all animals, both the 
irrational and the rational, such capacities, abilities, 
and energies, as may fit them for being salutary and 
serviceable; and who has impressed on matter such 
distant characters of his own beauty as the subject 


will bear; as in the glory of the heavens, in the 
symmetry of form, in the harmony of sounds, and 
in the elegance of colours, in the elaborate texture 


of the smallest leaf, and in the infinitely fine mecha- 

nism of such insects and minims of nature, as are 

scarce visible to the eye of the clearest discernment. 
From the foregoing principles, which throw light 


on all the objects of mind, make them visible as it 


were to the mind's eye, and at the same time pour 
light into that eye to see those objects, the ancients 
concluded. the Divine Being to be Goodness itself 
and Truth itself; and that these were continually 
diffused into all things, in proportion to their seve- 
ral capacities. Under these characters, the most 


obvious to be perceived, they considered him as the 


cause, both final and formal, of all the good which 


is enjoyed by beings who are capable of any enjoy- 


ment, and of all that beauty and truth which 1s 


enjoyed by those who have a sense of beauty _ 
truth. | | 


ia S N S 


uten Aub Marl 181. 653 
Hut they even go further than this. The sages 


of antiquity affirm, with great appearance of truth 


and strength of argument, that we have a principle 


of existence within us, infinitely more intimate, more 
valuable and durable, than this expanse of heaven 


and earth, this inclosure of flesh and blood, or any 
species of life and health that can be subject to mor- 


tality; that this principle of existence is of divine 


original, incorruptible, unperishable, a fount that 
must flow for ever, a flame that cannot be extin- 
guished; that the virtues are its treasures, its enjoy- 
ment, its beauty, and illumination; that these con- 


stitute the man, all that can properly or inherently 
be denominated himself, and all that deserves his 


regard or attention.“ 

Thus far stretches the doctrine of Pagan philo- 
sophy; and conformably thereto, its votaries rejected 
the world, with all its enjoyments, and even boasted 
a Superiority over ne calamity, pain, siekness, 
and death.“ 

But if to this we add something of that Re- 


deeming Word, which brought life and immortality 


to the fulness of their light, and the weight of their 
glory; all that is temporal fades and vanishes away 
in the comparison with any article that is eternal: 
the goods of this world are no longer to be relished, 


nor its evils to be feared; the present is sunk and 
lost in the N of the future; and possession is 


cast behin 
that for which we 

„Nothing becomes considerable, nothing of esti- 
mation, save so far as it conduces to the purchase 


us, in reaching after the immensity of” 


99 


or acquisition of some article or degree of goodness; 


some of those benevolences, those charities, those 


affections, those elegancies of elevated humanity, 


which the great Apostle to the Gentiles prefers even 
to the graces of faith and hope; and which he says 


> © cannot fail,” but must endure for ever, when faith 
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18 swallowed up of vision, and hope of enjoyment ; 
when every will- shall be subdued to the Will of 
Good to all; when our Saviour will take in hand 
the resigned chordage of our hearts, and will tune 

them, as so many instruments, to the song of his 
own sentiments, and will touch them with the fin- 
gers of his own feelings. Then the happiness of each 
Shall multiply, and overflow in the wishes and e 
cipation of the ee of all.“ 


OF MATERIALISM. | 


Fg 


From contemplating the beauiifl © opinions of the 
ancients, I unwillingly turn to the unpleasant task 
of pointing out the errors of some modern philoso- 
_ hers, who, from false views of the nature of matter, 
and from ignorance of the principles of mind, have 
adopted the dire and gloomy system of materialism. 
If this system be true, if our soul be mortal, reason 
is a dream, and virtue loses all the splendor which 
makes it godlike in our eyes. If you delight in 
friendship, if you respect virtue, and are charmed 
with beauty and perfection, reject with horror the 
system of materialism. It is a system that will 
checquer every scene of joy with despair. A breath, 
a beat of the pulse, deprives you of all that is glori- 
ous and valuable. The god-admiring being putre- 
fies, moulders, and becomes dust.x 

In reſuting these dangerous principles, I shall 
chiefly follow that excellent guide of philosophers, 
M. de Luc. In the first volume of the work here 
cited, you will find a full and satisfactory refutation 
of the political and theological errors of modern phi- 
nn even so far back as the year 1774. Yow 


* Min deicobut s Phædon, p. 90. 


T M. de Luc's Lettres e et Morales zur L' Histoire de la 
Terre et de l' Homme, vol. i. 


will find him pointing out to those of France; the 
consequences of the wretched system they had 
adopted! Unhappy men, heedless of the voice of 
benevolence, and the calls of reason, they have 
verified his predictions, and proved at the same 
time the weakness and malignancy of their prin- 
A modern materialist among ourselves has gone 
80 far as to say, That he rather thinks the whole 
of man is some uniform composition, and that the 
property of perception, as well as the other powers 
that are termed mental, is the result of such an or- 
ganical structure as that of the brain; and, conse- 
gently, * that the whole man becomes extinct at 
death, and that we have no hopes of surviving the 
grave, but what is derived from the scheme of re- 
_ velation.” PL Og 

Many observations occur on this passage; a few 
only will suffice here. I think we may infer there- 
from, that the author thereof considers the soul to 
be, 1. Of the same nature with the body, 2. That 
it is not immortal. 3. That he derives his hopes of 
surviving the grave, from the general resurrection of 
the dead. 4. That there is no such existence as a 
soul between the hour of death and the general re- 
surrection, when the man resumes the same organi- 
cal structure of the brain. Now the revelation of 
Christ considers the soul as of a distinct nature from 
the body, and as existing after death. From reve- 
lation, therefore; this author can derive no hope of 
Surviving after the grave, if the soul becomes extinct 
with the body. Fo „„ 
But further, the mystery opened in the gospel; 
relates to quite another kind of life in the soul, than 
that which is implied or consists in its bare immorta- 
lity. For immortality considered in itself, as a phy- 
sical necessity of its continuing in life for ever, may 
as well be a curse as a blessing, and have heaven or 
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hell for its portion. But this is not the life and 
immortality that the gospel preaches. It leaves this 
natural immortality, which belongs as well to. the 
spirits of darkness as to men, as wholly untouched 
as it does the original of the alphabet. 

The immortality of the gospel is not 0 called on 
aceount of its eternal duration, but because the soul 
is thereby eternally freed from those evils and errors 

which would prevent it from enjoying the light and 
life of heaven. But though the natural immortality 
of the mind is never expressly mentioned or asserted 
in the gospel, yet is it fully proved therein, because 
unavoidably supposed, and necessarily implied in and 
by the plain and open doctrine of the gospel. 
In the system of Dr. Hartley, the soul was ren- 
dered purely passive; the memory, the judgment, 
the will, and the principle of all voluntary — 
are placed in the physical properties of the or 
ue reducing all the intellectual and actual 4 
ties to motions of the brain, of which the soul is 
only a spectator, though, by a continual illusion, 
she attributes them to Porgell: But a more modern 
materialist has thought it would be simpler to make 
the scene its own spectator. _ 

In order to effect this, he endeavours. to 9 | 
those ridiculous who assert, that the soul and body 
have no property in common, thoug h they have a 
mutual action on each other, and. are capable of an 
intimate communication. The ridicule thrown upon 
this opinion may divert the reader's attention; but it 
gives no strength to the arguments of the materialist. 
* we have no objection to allow him, that think- 
ing substances and physical substances have very 
great relations, and that they have no repugnance, 
but a certain correspondence the one to the other. 
The body being a visible agent in all we do, has 
indeed made some weak heads imagine, that we are 
nothing else but body; as, from the same want of 
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But M. de Luc has c 
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thought; some have concluded that there is nothing 


| — the material world, e nothing else is 
obvious to their eyes. 


The man of matter, ponorentell with the idea. that 
he should reconcile all the world to materialism, if 
he could exalt matter; and conceiving that what was 
spicable and abject therein consisted 
in its impenetrability, and its inertia; he has endea- 


voured to deprive it of these properties, but in vain; 


= matter, even coming out of his own hands, is as 
trable and inert as that of Newton. 

15 is rather singular in our materialist to begin his 

work with expressing his veneration for the great 


man I have just named, proposing to adopt his rules 


of philosophizing, and complaining of their having 
been fatally — ary in regard to the most genera 


+ principles of human 3 And yet, at the 


ame time, contradicting the foundations of his sys- 
tem. Sir 1saac Newton continually speaks of solidity, 
pores, impenetrability, i inertia, divisibility, mass. But 
our materialist wishes to destroy these notions, be- 
cause they render matter contemptible. 

It is affirmed, says the materialist, that matter is 
a substance necessarily solid and impenetrable, and 


in itself destitute of all powers, as of attraction and 


repulsion; and that it possesses a vis inertiæ, and is 


totally indifferent to motion or rest. That the vul- 


gar should have formed such opinions and acquiesce 
in them, he does not wonder, because there are 
common errors which must necessarily lead them to 
' he 
thinks, that philosophers should have been 225 by 
appearances so void of all real foundation. 
The materialist endeavours to prove, that atoms 


are neither hard, nor solid, nor impenetrable; that 


their solidity only * on a certain power, &c. 

shewn, that all his reason- 

ing on this head is founded on a mistake, is OCCa- 
„ 2 . 
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sioned by bis confoonding impenetrability with bend 


ness, 4 the notions of these have no relatien 
to each other. By impenetrability, Newton, and 


every. other sound philosopher, means the simple 


idea necessarily connected with extension, namely, 


that no two particles or bodies can exist at the same 


time in the same place. And we shall soon shew 
you, that the matter of our materialist is as impene- 


trable as our own; his argument bears only against 
the hardness of atoms, or first elements; but it les- 
lens not the certitude thereof. For, as an actual 
infinite division is a contradiction, it follows, that 


the atoms must be undivided; and this is all here 


meant by . hardness. The materialist Says, that 
without-a power, the parts of atoms would separate 


themselves, and be dispersed; but I say, that with- 
out a power, they can neither be separated nor dis- 


persed; and you can be under no doubt, which of 
these propositions is most conformable. to. the Wu 
tonian rules of philosophy. 


Again, because the materialist | has thou ght proper 


to divest matter of solidity and inertia, is it therefore 


entitled to the powers of sensation and thought? 
Because he chooses to define matter a subsance pos- 
Sessed of the. Sper? of extension, and of powers of 
attraction and . repulsion; are we to conclude that 
there is no dons, any reason to suppose in man two 
distinct substances? ” 

EI there be any truth! in late eee in md 
losophy Gays this man) resistance is in most cases 
caused by something of a quite different nature from 
any thing material or solid, vis. by a power of re- 


pulsion, acting at a distance from the body to which 


it has been supposed to belong; and in no case 
whatever can it be proved, that resistance is occa- 
sioned by any thing else. He relates those experi- 
ments which shew, that there is a considerable diffi- 


dilatations and emklacudolis of bodies, which prove 


that their parts are not so close as they might be; 


and cbnceiving that the partieles can never be 
brought into real contact, he concludes with saying, 
That there is nothing real in matter but attrac- 


tions and repulsions; and that these opposite powers 


relate only to certain points of space, points mathe- 
matical, without solidity, and which can only be 
considered as the One to which th! ; patently is re- 


ferrdd.. ih oearupon: 


I must confess with M. 40 Si that if any one 
can comprehend what these powers are which have 
extension, and which are still only mathematical 
points, and which attract and repel each other, and 
can consider such an account as a solution of the 
difficulties concerning matter, he has either a sense 
more or less than I have. Newton had seen these 
repnlsiems, or the resistance that is found in bringing 
certain bodies into perfect contact; but he consi- 
dered them simply as the effect of; an elastic fluid 
surrounding them, of which air and fire afford us 


palpable; examples, He also declared expressly, that 
he considered energy without substance as an absur- 


dity. 8 far was he from thinking that the resis- 
tance made by bodies in approaching each other was 
invincible, that on the contrary he proved by ex 
riment, and he explained by his elastic fluid, that 
after the repulsion was conquered, the effect of the 
proximity was a strong adhesion of the bodies pro- 
2 by the exterior eee 45 the same elastic 
uid K 
Not to insist, chat the. powers aw by our 
materialist are entirely hypothetical and contrary to 


the general agency in nature, and therefore inad-- 


missible, it will be easy to prove, that even his own 
account of matter establishes principles contrary to 
bis wretched scheme, and you will find his matter 


85 inert as ours; tar the idea of impenetrability only 
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supposes that two extended substances cannot be in 
the same place at che same time. Now the mate- 


rialist must give the same property to his sphere of 
powers, because he still considers extension as ne- 


cessary to his matter; his spheres therefore must be 


impenetrable, one cannot be in the place of the 
other at the same time, for this alone is the physical 
idea of impenetrability, which has nothing in com- 
mon with hardness. In whatever manner we con- 
ceive matter, it may be compressed, divided, subdi- 
vided to infinity, and yet continue impenetrable. 

It is the same with inertness: we shall find his 
particles 
is inertia, but matter continuing at rest until some 
eause puts it in motion? Can the materialist refuse 


this property to his sphere of powers? They have 


relation to space, they occupy place, and are moved; 


consequently, all the true notions of motion are as 


applicable 10 these, as to any other conception of 


matter; it is as inert as ours, and after all his endea- 
vours to separate the ideas of impenetrability and 
inertness from matter, he has still made matter im- 
penetrable and inert. They are essential ies 
of that substance-which composes the physical world, 
which no effort of the en can n, from 
these substances. 
hut the matter of this man is not A inert and 
ee but it is also possessed, by his own 
conſession, of properties quite of a different nature 
from any thing material; so that, after endeavourin 
to prove, that matter was the only substance cl 
to existence, that it was the cause of all appearances, 
vet, to account for the various phenomena, he is 
obliged to give us something of a quite different 


nature from any thing material; . immaterial 


something is the power of repulsion, the property of 
all matter. Is such a power really different from 
every thing naterial ? or can matter act by imma- 


possessed thereof as well as ours; for what 


f 


of hetero 
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terial powers? So rooted is the aversion of our ma- 
terialist to mind, such is his pneumatophobia, that 
he will suppose or adopt . thing sooner _ 
admit the agency of mind. 
He tells us, we conceive spirit and body to be 
possessed of no common property. We ask him 
where he finds any thing common between percep- 
tion and the powers of attraction and repulszon, that 
is, between the sentient and corporeal powers? Nay, 
what is there common between the attractive and 


repulsive powers themselves? We insist, that sen- 


sation and the powers of attraction and repulsion, 
as likewise these two respectively, are as opposite 


3 as fur removed from the possession of any com- 


n property as those very powers whieh, As imma- 
terialiss we attribute to matter and spirit. 

It is mind that sees the difference not only be- 
tween black and white, bitter and sweet, but (which 
no sense is equal to) the difference between black 
and bitter, white and sweet, and the various tribes 
s attributes. Nor does it shew this 
supremacy in these recognitions only; but like wise 
when at one and the same view it recognizes objects 
of sense and intellect united, as in the ease of syllo- 


gisms made of propositions particular and universal. 


This joint recognition of things multiform, con- 
trary, and heterogeneous, and that by the same 
faculty, and in the same undivided instant, proves 
in the strongest manner that the mind is immaterial; 
for body 1 1s neapable of Such a ample and perfect 


unity. 


But leavin g these, and many other coudidrentions, 
let us see whether the matter of the materialist, such 
as he imagined himself, will seem fitter for becom- 
ing a ce being. To him indeed it appears 
easy, for sinee the thing that we call matter consists 
only in powers, there is nothing to prevent its hav- 


ing the powers of perception; but a little demiders- 
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tion will shew, that the difficulty is more unsur- 
mountable in his system than in any other. | 
For, as long as we considered a substance to 
which the powers of attraction and repulsion were 
8 there remained this obscure idea, © that 
bstance might be endowed with many kinds of 
powers, and it would be necessary to discuss this 
question; but in the present case there is no room 
or discussion; if a power can be conceived without 
substance, it will be itself the whole being. A power 
of attraction is a power of attraction, and can be 
nothing else. This class of powers form, according 
to our materialist, one part of matter; the remainder 
is formed of powers of repulsion, which can be no- 
thing else but powers of repulsion. If therefore he 
wants power of perception, he must make i. his 
matter has no such power. 
In what kind of principles, pimple. o or com- 
pounded, does he suppose even the powers of attrac- 
tion and repulsion to.reside?” 
„ Does he think the same numerical po. . e 
can at the same time possess the attractive and re- 
pellent powers; i. e. that the same body can be at 
once attractive and repulsive? By repulsion all ab- 
solute approach or contact is impeded: by attraction, 
bodies, when at a distance from ee other, tend to 
mutual approach.“ 
Now as he declares these powers. to be essential 
to all matter, all matter is ever tending to approach, 
and ever receding from all matter; A and B always 
going to, and at the same instant, _ going from 
cach bn 1 
But wi . does the materialist suppose the obysical 
world to be composed only of small spheres of at- 
traction and repulsion? It is this: on examining 
the various phenomena one by one, he thinks, that 
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at the end of his analysis, he finds nothing remain- 


ing but attractions and repulsions without substance. 
The elements are therefore only attraction and re- 
pulsion, when the phenomena indicate nothing but 
attraction and repulsion; but when the phenomena 
indicate sensibility and Wie what are 

the W Are they still only attraction and re- 
pulsion? Is there no fran of POOP in the i in- 


gredients? | 1 |, 


Our materialist feels no force i in the objection; 
with him it is no more “ than if it were said, that 
no harmony could result from. an barpsichord, be- 
cause the single notes, separately taken, can make 
no harmony.” The man who can thus answer, 
does not understand the nature of the proof; for 
what his harmony? it is the union of two or more 
sounds, of which the whole is agreeable to the ear. 
It is therefore, of the essence of harmony not to 
be in each of its elements, as it is of number not to 
be in unity. 

Mr: Berrington pursues che still farther: Bar- 
mony in music arises from a number of modulated 


sounds; proportion also or symmetry in architec- 


ture arises from the appropriate arrangement of 
materials; but each sound taken separately is void 
of harmony, as each stone in a building is divested 
of proportion, In the external objects themselves, 
what have you, but detached and insulated sound, 
detached and insulated stones only rising in a definite 
order of succession and co- existence? What is it 
then that gives existence to the charms of harmony 

and proportion? That being alone which, ich, en 


with percipient and comparing powers, can 


such various tones and various parts, can compare 
them together, and therein perceive accord and pro- 
portion. This exalted power through the pl 
stretch of nature is alone capable of giving existence 
to such unsubstantial N. Harmony and sym- 
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metry are mere effects of comparison, all their rea- 


hut it the brain were the sole substance on which 
such impressions are formed, harmony would be 


eternally excluded from the material universe; for 
on that supposition a thousand distinct vibrations 
in the nervous system could no more give it rea- 
lity, than it could be raised by the sound itself. 
Were each particular sounding particle to act on 


the ear, or each part in an edifice on the eye, and 


proceed no further, what would be the effect? Evi- 
dently only this; the most regular and finished struc- 
ture would remain as an heap of sand, and the 


airs of an Arne be as unaffecting as the whistling 


of the wind. Just so must it be in the material sys- 
tem, because no center of union can exist therein, 
and consequently no comparison or just perception; 
therefore no harmony or proportion can take place: 
so that the materialist's own examples, adduced 
to prove, that perception may belong to a whole 
system, and not to its component parts, directly - 
make against him, and support the immaterial hy- 


pothesis. | 


ls there nothing real in life, says our materialist, 
because each particle has not life? It is not more 
easy to conceive the nature of life, than of percep- 
tion. The life of the human body in one point of 
view may be considered only as an arrangement of 


organs put in action by the elements; but even in 


this lowest view, like harmony, life is the result of 
the whole, and is not to be found in the component 
elements. In order that a watch may measure time, 


it is not necessary that each of its particles or each o 


its parts should also, measure time. In a word, 


these are only properties attached to the idea of com- 
position; or to speak more exactly, they are results 


not properties, last effects not primary causes, which 
are evidently different. e e e | 
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If che materialist had properly considered the 
examples he used, he would have found therein a 
full confutation of his own principles; as an in- 
stance, he affirms, “it may just as well be said, that 


sound cannot consist of a vibration of the air, be- 


cause no sound could result from the motion of a 
single particle of that elastic fluid, as that per- 
ception cannot belong to a whole system and not 
to the component parts.“ No one, I believe, ever 
asserted, that the individual particles of air were 
not concerned in causing sound, for each particle 
of the fluid which transmits the sounds transmits 
a part, but too feeble to be perceived by our or- 
gans; it is from the number of these small im- 
pressions that one results sufficient to be perceived. 


Is not the sentiment of light, which can only take 


ace from a pencil of rays, ee, because 
each particle has the faculty of exciting this sen- 


M.uch is usually urged in favour of the unity of 
the being that perceives, and of the absolute im- 


propriety of attributing thereto any 40 accord- 
ing to our idea of parts in matter. This reasoning 
he considers as proving no more against the divisi- 
bility of mind, than if we concluded, because a 
sphere was one thing, that it was therefore indi- 


visible. It is true, he adds, that it is impossible to 
divide one sphere into two spheres, but it may be 


divided into parts, so as to be no longer a sphere. 
In the same manner, the system of intelligence, 
that we denominate the soul of man, cannot be di- 
vided into two souls; but it may be divided and dis- 


solved, so as no longer to form a system of intelli- 


gence, a soul.“ 5 5 

After this comparison, in which he triumphs 
much, he adds, If any one can define the unity 
of conscience in a more favourable manner for the 


immateriality of the soul, he should be glad to 


MATTY 
N N 


76 8 OP MATERIALISM. 


hear it, and pay it a proper attention.“ As the de- 
finition,;of this unity has been often and 80 well 
given; as every idea of parts affirmed or denied with 
respeet to this oneness of the mind, is as absurd as 
to apply thereto colour or taste, it will be sufficient 
to answer his argument in a manner somewhat si- 
milar to his own, * that if any one can prove, that 
self-consciousness depends on a spherical, cubical, 
pyramidical, or any other material form, you ma 
admit this faculty as depending on a physical whole.” 
Not tired with comparisons, our materialist else- 
where compares the unity of the soul to that of a 
collective number of moral beings, as of states and 
societies, which, though composed of seyeral mem- 


bers, have a species of unity. Here, as in the com- 
parison he drew from sound, the materialist is really 


pleading our cause, and this instance is still far less 
to his purpose than the former; for as the unity of 
man can only be perceived and compared to itself, 
if this unity was a compound, each of the parts 
must have the property of the whole, that is, self- 
consciousness. For collective moral beings, to 
which the materialist compares us, have a common 
unity, because each. of the meme has a nit of 
its OWN, _ File 

The unity of consciousness is inseparable from. 
every. mode of perception; whenever I perceive, or 
whenever I think, a sentiment arises within me, 
which tells me, that it is I that perceive, a and I 
that think. Thus to feel is to be conscious; con- 
sciousness tells me that I, who now am, am the same 


person who was yesterday, the day before, and so on; 
it connects the past with the present, and can only 
reside in a spiritual undivided substance. 


Having finished my remarks on the notions of a 
modern materialist, I have only to regret the occa- 


sion of them, and to hope that ere long the fictions, 


sophistry, and errors which encompass his mind, 
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may be removed, and that he may return to the 
faith once delivered to the saints. In the mean 


while, on our parts, let us contemplate him with 


the greatest compassion, remembering that discern- 


ment is alone clear and unerring in the Supreme 


Mind; all whose ideas are pure and perfect, whose 

wer is constant energy, and whose eye is intel- 
— light itself, unobstructed, unbroken, and un- 
clouded by any of its objects. But the eye of man's 


reason, how short-sighted and weak it is; through 
What a medium of false colourings, and with what 


interrupted glances it discerns the few objects to 
which it is directed; and how frequently and how 


great'y man's judgment errs, is well known to Ever 


r mind, who has had experience of her particular 


and private self; and has conversed with truth and 


right reason intimately as with friends, yet modestly 


as a disciple with his teachers, and SMPIY as a child 
with bis 1 parents. 


OP THE UNITY OF THE PERCIPIENT BEING. 


As the unity of the pereipient being i is the ar- 
gument at which materialists in general. aim all 
their forces, knowing that, if this be allowed, their 
scheme falls to the ground of itself; knowing, that 
it is as it were an egis impenetrable against all 
their monstrous endeavours to form the soul of man 
by an assemblage of material parts; I shall, there- 
fore, endeavour to place it before you in different 


points of view, and in different manners; thus 


the arguments which might escape your attention 
under one form, may have * due wei mM under 
Werder. 


rank upon wy list of beings as he did before; what | 
ever can be operated from him, he may look upon as a 
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m an instrument, or an organ of conveyance. 
t that alone, which remains after all imaginable 
cparation, is properly himself. 
Wag mas our organs have their separate offices, 
not interchangeable with one another. The eye 
which sees cannot hear, and the ear which W 
can never see; but these being numerically distinet, 
if they were the perceptive substance, it would fol- 
low, that what sees is a different thing or substance 
from that which hears. Therefore, they can only be 
channels of conveyance to some one individual 
thing; for no man can doubt that it is the same him- 
self which sees, and hears, and receives all the 
ceptions; and we cannot conceive this self . 
sible, because what might be taken away upon 
division, would not be him, for he cannot be parted 
from himself. | 
Compound bodies consigt of parts, having t the 
game nature and primary proportion - with them- 
elves; nor is it conceivable, that any assortment 
of unsolid or immoveable parts should form a solid 
and moveable body. For if composition prevailed 
in mind, every self must contain a number of little 
selves, every mind many little minds, and every sen- 
tient principle a multitude of sentient principles, 
But this is a proposal that will not bear mentioning, 
for who would not be shocked to hear talk of half or 
quarter of a man's self: | 
To avoid this absurdity, some have asserted, that 
self, mind, or a perceptive being, may be produced 
by a combination of unperceptive principles. Not 
to urge, that in this case a creation may be effected 
by compounding, let us remark, that upon such a 
combination, the parts considered simply, cannot 
have, nor are they pretended to have, any other 
'operties than they possessed before; neither can 
they club to take their several shares of a perception; 


for perception has not parts without parts, and there- 
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THE PERCIPIENT BEING. 79 
fore cannot be received piece- meal; but the perce p- 


— tivity resides in the whole compound jointly. Now - 


it seems very hard to understand how a collection of 
distinct substances, for such every compound must 
be, can perceive what is not perceived by each of 

them. I can conceive a whole camp to hear the 
evening gun, because every man in the camp hears 
it; but I cannot comprehend how they can all hear 
a sound that escapes every single person; nor can I, 
for my life, distinguish between their all hearing it, 
and every one of them hearing it. I can no more 
comprehend how an imperfect whisper, heard 
twenty persons, shall become an audible voice, than 
how they can all hear a 50und heard by none of them 
singl 
1 he mind be a compound, then upon some of 
the parts being slipped away, and others substi- 
tuted in their room, though it might still remain 
a mind, it must be a different one from what it 
was before; ; and as Lucretius tells us, the mind 
grows and decays with the body, every man would 
have a . self in his childhood, his maturity, 
and his old age 

But it may be said, mind is not so much a col- 
lection of particular atoms as a figure, or har- 
mony, resulting from the order wherein they lie, 
and may therefore continue the same, although 
some or all of the atoms be shifted. For if you 
place twelve shillings in a circle, change your 
shillings as often as you please, you do not alter 
the figure, which still remains a circle. But what 
then becomes of our own existence? For form has 
none, but is only a modification, or e e 
manner of existence in body; and harm has 
none, being nothing more than the con ce, 


or 1 congruity of sounds, as dee by 
min | 
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I cannot conceive it possible, that perceptivity 


should be annexed to a system, by which must be 


understood a composition of matter: it must reside 
in something that is numerically one and undivided. 
For suppose an object to strike upon any one com- 


ponent part of the system, if it raises a complete 


perception there, the rest are useless. If the per- 


ception does not begin till this part has communi- 


eated the impulse to some other, then is that other 
the perceptive substance, and the first only an organ 
of conveyance; but if both receive it equally, then 


does the faculty belong not to the system, but to 
the several parts; nor can each take its respective 


share of the perception, for, as we observed be- 
ſore, it is inconceivable that a perception should 
T ĩͤ . ²·˙· 9 1 

This matter will appear plainer, if you consider 


be received piece- meal, or made up of what is no 


the nature of judgment and comparison, where both 
terms of the one, and both branches of the other, 


must be apprehended together, in order to deter- 
mine between them. If this man knows the other 


properties of gold, and that man knows what due- 
tility is; they can never know the more for this, 


either jointly or separately, whether gold be duc- 
tile: so if one man be ever so well acquainted with 
St. Peter's at Rome, and the other with St. Paul's 
at London, they can by this knowledge. never tell 


which is larger or handsomer, or make any other 
comparison by virtue of this knowledge. But you 
say, one may communicate this knowledge to the 


other: very true; but then each has the idea of 
both before bim in his mind, and the judgment is 
the act of each individually, not of both jointly. 
Now the case is the same with the, percipient 


system; let the idea of an elephant be impressed 


upon the particle A, and that of a mouse upon the 
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particle B, they can never know, either jointly or 


Separately, which is the larger creature, nor can a 


judgment be formed, until the ideas of both co- 


incide in one and the same individual. It is un- 


intelligible to talk of any impulse arising solely 
from the composition; so neither can any system 
have a power of beginning motion, where there 
was none in the parts. An hundred men may cer- 


tainly lift a weight that would crush any one of 


them; but a thousand would never be able to stir 
it, unless each man had some strength of his own, 
independent of the rest. Whence we may justly 


conclude perceptivity and activity to be primary qua- 


lities, essential to the substances possessing them, 
inseparable therefrom, belonging to individuals, and 
not producible by any combination, or organical 
structure whatsoever, of imperceptive and inactive 
ingredients.“ e . 
The importance of the subject is so great, its con- 
nexion with your best interests so intimate, that you 
will, I hope, excuse my having placed it in various 
lights; and permit me to conclude, by summing 
up the argument, so as to exhibit the reasoning 
under a form still different from those that have pre- 
cee c::. ci” VVV 
Whether matter be indefinitely divisible or not, 
if it be capable of any degree of perception, such 


— 


perception must either be naturally inherent, or 


arise from some peculiar modification: now, as 
no two particles of matter can exist in the same 
place, (for then neither part would exist in any 
place, as each would occupy the place of the other) 
the particles, however harmoniously modified, or 
closely united, are absolutely distinct from each 
other, since their coherence can only consist in 


* Tucker's Light of Nature Pursued, vol. ii. part 1, p-. 67: | 
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Do arhood and gane, and not in corpo- 
ration. | 

If, then, the parts so distinet have any inherent 
perception, they must have a perception as distinct 
from each other as the particles; and if infinitely di- 
visible, there is such a confusion of perceptions as is 
too absurd for any thing but a jesse. my 


But if matter be reducible to atoms, and every 


atom supposed to perceive, I would ask, how atoms 


can be organized, so as to see, hear, smell, &c. And 
if organization be necessary to perception in matter, 
either such perception arises entirely new on the or- 
ganization, or the organization only gives a liberty 


of action to the perception that was prior and dis- 


tinctly latent in every part. 

But if, on the former supposition, such percep- 
tion be solely produced by the organization or mo- 
dification, you must remember, that organization 
and modification, however exquisite or mecha- 
nical, are still no other than a mode of form or 
figure, the most extraneous and incidentat of any 
property of matter; whereas perception is the most 


simple and absolute of any thing we know, and 


by which alone we know all that we do know. 
Such an hypothesis, therefore, carries in itself the 
most palpable contradiction and confutation, as it 
makes what is simple, absolute, and invariable, to be 
produced by what is compound, cn and 
changeable. ME 

But if it be alledged, that by the. organization 
the parts become so loving and neighbourly, as by 
sharing the perception of each other, to make one 
amicable union of the whole, each part must still 
retain its proper right to its portion of perception; 
and if, upon any accident, a member of the system 


be Jopped off, a piece of such united perception 


being gone, we have only a piece of perception. 
And thus perception, the most simple of all units, 


— 


rr a a 
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must be daily and hourly divided by the perpetual 
US OE RE. TS: >: SLE | | 
Thus, if the intelligence within us was corporeal, 
what one part knows would be unknown to the 


other; we could not compare nor unite our ideas, 


so as to make propositions, nor these propositions, 
80 as to form arguments, nor these arguments, 80 
as to form one continued discourse. All the opera- 
tions of comparing, uniting, and compounding our 
ideas, suppose one individual, indivisible, self- con- 
scious, spiritual being. Moreover, we hear, see, taste, 
touch, and smell, by five different organs; and these 


sensations are as different as the organs themselves; 


yet they are all united in the same substance which 
compares them, judges them, and distinguishes be- 
tween them. The change of form, bulk, and place 
in organized or unorganized bodies, does not alter 
the intimate essence of things, and therefore cannot 
add to them a new and dissimilar property. Intel- 
ligence is a perfection, non- intelligence a defect; 
80 that it is absolutely impossible that what is unin- 
telligent and insensible before organization, can be- 
come intelligent and self- conscious by organization; 
because organization does not alter the nature of 


things. A mass of numberless subtile, invisible, 


and unintelligent polygons, spheres, cylinders, py- 
ramids, or any other small solids, cannot become 
intelligent and self. conscious by organical strue- 
ture. Thus the poet: 1 


Where can this soul then take its birth? )? 
Not sure from matter, from dull clods of earth; . 
But from a living spirit lodg'd within, 
20 Which governs all the bodily machine; 
Just as th' almighty universal soul 
| Directs and animates the whole. | 
Cease then to wonder how th immortal mind _ 
Can live, when from the body quite disjoin d; 
6 | nora 1 5 40518 
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84 MORAL REFLEXIONS. 5 
But rather wonder if she e' er could die, RY 
So fram'd, so fashion'd for eternity; 
Self- mov d, nor form'd: of parts together tyed, 
Which time can dissipate, and force divide; 
For beings of this make can never die, 
Whose powers within themselves, and their awn essence lie. 


Having thus refuted the gloomy tenets of mate- 
rialism, let us finish this Lecture with a different 


theme; let the consideration of the wonderful powers 


of the soul make us attempt an higher strain, an 
hymn of praise to the Lord our Saviour, the joy 
of every soul, and the desire of all nations. For, if 
in the verdure of the field, and the azure of the 
sky, the unlettered rustic admire thy creative power, 
how blind must that man be, who, contemplating 
his ng structure, and his moral frame, discerns 


not thy forming hand! How various and compli- 
** cated the machinery of the one, how extensive and 


noble the powers of the other. 

How sublime are all the faculties of the mind, 
thoughts that wing infinity; apprehensions that 
reach through eternity; a fancy that creates; an 
imagination that contains an universe; wishes that 
a world hath not wherewithal to satisfy; desires that 
know neither end nor bound! It is endued by thee 
with divine prerogatives, invested with spiritual 
ae and enabled to aspire ardently after the fe- 
1 


Cities of heaven, 


Even while man pursues happiness here as his 


chief aim, thou bindest self-love into the social 
direction; thou infusest the generous principle, 
which makes him feel for sorrows not his own; 
thy divine hand . formed the connecting tye, and by 
sympathy linked man to man, that all might tend 
towards mutual association; thy wisdom has erected 
within him a throne for virtue; but thou hast not 
decked her with beauty only, but hast thrown 
around her the awful effulgenee of divine autho- 
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rity; and yet thou hast left him a field open for 
free and generous action, in which, performing a 
lorious course, he may attain the high reward by 
thee allotted; thou entertainest him with all the 
glories of the material world, and enablest him to 
penetrate into the recesses of nature. It is thou 
that givest to all bodies their forms and their mo- 


tions, to all spirits their reason and their virtues; 
it is from thee that every thing flows, it is in thee 


that every thing exists, it is by thee that eve 

thing lives, and to thee alone should all things be 
referred. We see thee existing in wisdom and in 
beneyolence both supreme. As spots in the sun's 
bright orb, so in the universal plan scattered evils 
are lost in the blaze of superabundant goodness. 
Even by the research of human reason, weak as it is, 
those seeming evils continually diminish and fly 
away; and objects supposed superfluous or noxious 
assume a beneficial aspect. How much more to 
thine all-penetrating eye must all appear excellent 
and fair! It must be so, we cannot, doubt; neither 
imperfection nor malice dwell with thee; thou ap- 
pointest as salutary what we lament as painful. 


Even the follies and vices of men administer to thy 
wise designs; and as at the beginning of days, thou 
sawest, so thou seest, and pronouncest still, that 


every thing that thou hast made is good. 

Now we see through a glass darkly, and know but 
in part, but the time cometh when we shall know 
even as we are known. We shall then see things in 
that sacred uncreated light, which permits no error, 
which admits of no obscurity. Then, O Almighty 
God, all that thou art now doing, all that thou hast 
done, will be found harmoniously beautiful, and di- 
vinely worthy of thee, its great and sacred Lord. 
Then will thy creation and government appear sub- 
limely wise to the purified eye of man; and what 
now bewilders and perplexes us, what cannot now 
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be comprehended by us, will be seen in all its un · 


erring rectitude, will blaze forth upon us in the 
clearness of its holy splendor, and we shall join with 

angels and archangels in declaring that heaven and 
earth are full of thy glory.* 


LECTURE XXVI. 


i ON MECHANICS, | 


Oxe of the first arts men had occasion to practice 
was that of mechanics; it was therefore studied in 
the earliest ages of the world. Possessing very little 
theory, what khowledge they acquired was more the 


result of experience than reasoning, having neither 
any methods of working, nor instruments to work 


with, but what they must first invent; their pro- 


gress was slow, their e h rude and im- 
perfect. 


We hear, therefore, of no conviderale- mecha- 


nical inventions for a long series of ages; the first 
we find mentioned are in the book of Genesis; there 
we find, that ships were as old, even on the Medi- 
terranean, as the days of Jacob. In the time of 
Saul, 1070 years before Christ, we find the Phi- 
„ listines brining 30,000 chariots into the field; in 


1030 before Christ, Ammon built tall and long ships 


with sails on the Red Sea and the Mediterranean; 
about 800 years before Christ, Uzziah made engines 


to be on the towers and on the bulwarks, to shoot 
arrows and t stones. | 


* Lord Kale Citrus Sermons, 


* 
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Ns Corn-mills were of early invention, for in Deu- 
16 teronomy we find it was not lawful for. any man 
th to pledge the nether or the upper mill-stone. In 
d Jeremiah we read of the potter's wheel. The works 


of Archimedes, who lived about 200. years before | 
Christ, would alone afford sufficient matter for a | 
volume; some of his discoveries appear so much | 
above the reach of men, that many among the mo- 
derns have found it more easy to doubt their ex- 
istence than to imitate them. His name still occu- 
pies the foremost ranks in the science of mathe- 
matics; by his mechanical knowledge, he alone, for r 
three successive years, supported the tottering towers LG 
of Syracuse, and baffled the attempts of the Ro- Fa 
mans. Marcellus admired the superior science of | 
0 Archimedes: he instructed the Romans to respect his 
54 safety, but the impatience of a soldier W fatal ions 
to his life. 
It is not easy, at'this distance of time, eee 
the nature of their machines, or say how they reared 
their bulky towers 150 feet in height, and 60 in 
circumference, with a battering ram at the bottom 
sufficient to beat down walls, with a drawbridge in 
the middle to be let down upon the wall of the at- 
tacked city; and at the top a body of men, who 
being placed above the besieged, barrassed them 
without danger. 
It would be endless to enumerate the i instances of 
their mechanical: abilities. Italy is filled with mo- 
numents, and the ruins of monuments, which aid 0 
us in comprehending the resources and genius of the 
ancient Romans. The stones which are laid u | 
the tops of the pyramids of Egypt, each of which 3 
are as large as a small house, create even wonder in | 
a modern mechanic, and teach him to reverence the 
superior arts of antiquity. (fy 
„ Ignorant of the numerous arts which depend 
on mechanical knowledge, man would exist as in 3 
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desert, comfortless and unsocial, little superior in 


enjoyment to the lion and the tyger, but much their 
inferior in strength and safet 5 Aided by these the 
fields are cultivated, the wi derness becomes a gar- 
den, strength i is given to the fortress, and elegance 


to the palace; 11 man beholds himself far removed 


from those animals, to whom, while in a state of 
nature he seems nearly allied. 

But if the exertions of our mental powers in giving 
rise to the arts are thus worthy of attention, it is 
surely proper to devote a few minutes in surveying 


the works of the Divine Mechanic; here, which- 


soever way you turn yourselyes, you will find the 
clearest footsteps of Omniscience. 


Consider then your Creator determining the pre- 
eise number of substances; allotting properties and 
capacities, fitted to complete the grand design he 


had in view; forming the plan of a world which was 


to last for ages, with infinite varieties and successive 
changes; where every particle must have its ap- 


pointed station, every motion its determinate direc- 


tion and velocity; calculating at one glance all the 
combinations they will run into, the species of com- 
pound they will produce, their secondary operations, 
and mutual affections. | 

How stupendous must be that wisdom which di- 
rected infinite power, and by which every thing was 
established in number, weight, and measure! God 
knew the exact quantity of invisible force, whereon 
fermentation, heat, explosion, repulsion, and all 
the different kinds of attraction depend, which, if 
it had been of ar or less, would have been pro- 
ductive of infinite disorder. 

He proportioned the elements, that none of them 
might either predominate or fall deficient, and con- 
trived springs for mingling them together to concur 
in performing their several tasks; he appointed the 
flogree of aa in che sun and moon, the ine- 
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8 


qualities of the earth, the rise of exhal ations, the va- 
rieties of soils, and other causes, which bring on 
the change of seasons, the vicissitudes of the wea- 
ther, and various other dispositions of the air, caus- 
ing the earth to yield her increase in due season, 
neither redundant nor wanting. 
He contrived the curious structure of vegetables, 
the more admirable organization of animals, where 
every vessel, gland, fibre, &c. performs its appro- 


priate office for the growth and preservation of the 


whole. He adapted the contexture of his plants 
to the wants of his living creatures, so that each 
species has its proper food, its nests, and places of 
harbour, finding uses in that which to others is un- 
serviceable. | 75 ett 64 
He ranged the elements in such order, as to 
carry on what we call the coursę of nature; to pro- 
duce minerals and fossils below, vapours, clouds, 
dews, and rains above; to insinuate themselves into 
the seed, to make it germinate; into the plant, to 
make it bear fruits and seeds again; into the fœtus, 
to bring it to maturity; and into the perfect animal, 
causing it to fructify and renew the species. He 
gave various instincts to brutes, and appetites to 


man, urging both to effect purposes they do not 


think of themselves. Reps 

He allotted the several provinces to the causes 
of destruction, as well as those of formation and 
preservation; he maketh the storms his ministers, 
directing them what to overthrow and what to 
spare; he commanded the earthquakes how far to 
lay waste and where to stop, the lightning whom 
to strike and whom tp pass over. Blight, famine, 


and pestilence have their limits and directions, in 


what quarters, and to what extent, to spread their 
havoc; and all this is performed hy the intervention 


of second causes, so accurately arranged, so won- 
derſully contrived, and exactly adjusted, as never 
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to disturb mat order and that SUCCESSION he has esta- , 
blished. | 

Nor is the Creator's wiedon lee conspicuous in 
the moral than the natural world; he has left 
much in the power of free agents, and many things 
to their choice and management, yet he difects 
their choice by such unseen springs as leads them 

to execute his purposes; he has distributed various 
constitutions, talents, endowments, passions, and 
desires among men, so that some are fitted as well 
in inclination as in ability for every office wanted in 
society; and thus all the conveniences depending 
on human industry are supplied. 

Commerce, agriculture, and the mechanic arts, 
want not hands to carry them on; nor policy, learn- 
ing, and science, able heads to improve them; the | 
jarring interests and opposite views of private per- 
sons serve to ballance each other, and are made to 
produce order by their proper commixture, out of 
that which separately would tend to confusion. He 

| knows how and when to raise up peculiar cha- 

racters that may found or overthrow empires, and 
erect new kingdoms upon the ruins of the old; 
he provides for the establishment, the security, and 
general welfare of nations and individuals; nor are 
his cares confined to this sublunary stage, for there 
is every reason to conclude, that we are here pre- 
paring for another state of existence; and we may 
reasonably presume, that there is a connection of 
interests between the visible and invisible world, to 
adjust which requires a more stupendous wisdom 
than any thing falling under our notice can exhibit, 
though that is enough to excite our wonder, and 
exceed our comprehension. 

God is indeed incomprehensible in all his attri- 
butes; and if we endeavour, with the scanty line of 
human reason, , to fathom the depths of Omniscience 

or Omnipotence, we shall be lost in darkness, and 
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overwhelmed with difficulties. You may, however, 
fix your eye upon a prospect clearly discernible to 
the mental eye; God performing by second causes 
all the mighty works you see performed, and able to 
perform whatever we can e e a8 Nepp to 
be executed. x 7 
| You can consider him as giving existence to sub- 
stances, solidity to matter, perceptivity to spirit, and 
understanding to man; limiting the ocean, spread- 
ing out the earth as a garment, and stretching forth 
the vast expanse of heaven; rolling the planets in. 
their orbits, fixing the golden sun, and appointing 
the stars their stations; causing gravitation between 
large bodies, cohesion between small; supplying us 
with air to breathe, water to drink, clothes to put 
on, and innumerable objects all . to employ 
and entertain us; commanding the issues of life and 
death, and having the future condition of spirits at 
his disposa al. The contemplation of these, and a 
multitude of other things that a little thought will 
easily suggest to you, prove that his preserving pro- 
vidence, his animating spirit, and efficaceous influ- 
ence, is universally exerted; will give you the fullest 
idea of Omnipotence we are capable of attaining, and 
convince you, that it is from the Lord alone that men 
and angels derive all their present powers and future 
hopes, and that in him they live, and move, and 
have their being. 
Eternal and Supreme Lord, all nature is the | 
work of thy hands, and is created into a temple in 
which thy glory is displayed! Here things visible 
and invisible are as thou commandest, are just what 
thou biddest! To this blessed power we must all 
apply for help; every thing that sustains you, all 
that comforts you, from whatever secret cause it 
may seem to come, proceeds from heaven. T he 
8 
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riches of the wealthy are alike the gift of God, with 


the narrow morsel that supports the beggar at your 
gate. Things animate and inanimate, rich and 
poor, men on earth and angels in heaven, are all 


supported by Divine Goodness; he openeth his hand, 


and filleth all things living with plenteousness. 
Thus, on every side you find a scene unfolding 


that is replete with life, energy, and use; a universe 
of progressive relations, from which inferior beings 


may derive lessons of admiration and humility; in 


which superior intelligences discover still more as- 
tonishing signs of art and magnificence; and on 


which, pleased with his own work, God looks 
down with the parental regard of love and compla- 
cence. * 5 | | _ 


OF MOTION, « 


We are led by an instinctive principle of the 
mind, to consider every change which we observe in 


the state of things, as an effect, indicating the exis- 


tence, characterizing the kind, and determining the 


degree of its cause. 5 

The kind and the degree of the cause are therefore 
inferred from the observed kind and degree of the 
change, which we consider as its effect. 8 
The appearances of the material world exhibited 
in the change of motion which we observe, are 
called mechanical appearances; and the causes to 
which we ascribe them, are called mechanical causes, 

The general object of mechanics is the principles 


and effects of motion, and the equilibrium, which it 


investigates in order to understand the mechanical 
appearances of the universe, and apply the effects of 
motion to the improvements of the arts, and the 
general purposes of life. | 


* Comyns's Sermons. as 2 
1 Professor Robinsons Outlines of Mechanical Philosophy. 
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Motion is change of place: change is a generic 
iden including many species; motion, as a sensible 
idea, is a species of that genus. Motion is one spe- 
cies of change, but there are also many others. 

Change is therefore a necessary part in the defini- 
tion of motion; it marks the genus of the thing 
defined. Motion is a change; but as there are 
many species of change, which of those species is 
motion? The answer is, change of place. This 
marks the species, and disürguisbes it from _—_ 


of colour, figure, c. 
We cannot conceive any actual motion, without 


combining together these three ideas, a being which 
moves, a place in which that being is, and the 


change of that place. 


In motion is therefore supposed the successive 
presence of the thing moved in different parts of 
space; therefore in our ideas of motion are involved 
the ideas of pace and time. 

In treating of motion, we have therefore to con- 
sider, 1. The power or force which causes the 
motion. 2. The substance moved. 3. The space 
passed over by the moving body. 4. The time or 
duration of the motion. 

Space is the place of every existence; it is distin- 
guished into absolute and relative, or place and situ- 
ation. 

We do not perceive the absolute place of any ob- 
ject, A person in the cabin of a ship does not think 
that the table changes its place, if it remains fastened 
to the same part of the deck. 

Me acquire our notion of time by means of ; a 
SUCCESSION of events. F 

* Time is unbounded, continuous, „ 
in the order of its parts, homogeneous: and indefi- 
nitely divisible. 

There is so great analogy between the. affects. 
ons of time and space, that in most languages the 
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same Arc are ines to express the affections of boch. 


Hence it is that time may be expressed by lines, and 


measured by motion. 
his bennduvide diver the endocmrive portion of 


time may be called instants, * oo an 3 


of it may be called moments. 


Time may be divtinguizhed into absolute and re- 
latiye. 
We perceive not the abcoline + time of any event, 
but only its 5eas0n, in relation to some other event. 


All things are placed in DR in the order of si- 
tuation. 


All events happen in em in the order of succes- 


sion. 
No motion is instuntaneous. Fr 
In the passage of a moving point, from one part 


of space to another, it g through all the inter- 


mediate points of its path. 
Absolute motion 18 the change of absolute place. 
Relative motion is the change of situation. : 
The absolute and relative motions of a body may 
be different, and even contrary. 


The relative motions of bodies are ths differences 
of their absolute motion. 


The real and absolute motions af bodies are 6 de : 


tected by means of observations made on their rela- 
tive motions. 


Motion 1s ausceprible of varieties in e and 
in direction. 

Our senses do not 220 ths abedlute motion or 
absolute rest of any body. When one body removes 
from another, this may be discerned by the senses; 
but whether any body keeps the same part of abso- 
lute space, we do not perceive by our senses. When 
one body seems to remove from another, we ca 
infer with certainty that there is e motion; 
but whether in the one, or the other, or yy in 
both, is not discernible by sense. 
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A man sitting in a barge in motion is relatively at 


rest, that is, with respect to the parts of the barge; 


but absolutely in motion, being removed with the 
vessel from one part of space to another. On the 


contrary, the bargeman who fixes a staff in the 


ground, and gives motion to the barge by walking 
along the gun-wale, is absolutely at ret; for the 


staff against which he leans is fixed; but relatively 


in motion, since, with respect to the barge, he walks 
from one end to the other. But if the earth be 


supposed in motion, the absolute motion of the 


barge and its contents will be compounded of its 


relative motion together with the abboune motion of 
the earth. 


That affection of motion, by which we actertnine 
the quantity, is called velocity. This term expresses 
the rate at which the time increases, compared with 
the rate at whith the space increases; or, velocity is 
that property of motion, by which the moving body 


runs through a certain space in a determined time. 


We cannot gain a distinct idea of velocity, without 


combining together those of space and time: thus, 


in the case of a traveller, you know the quickness of 
His pace is measured by the space he has gone over, 


and the time he has employed in going over it. 


The direction of a motion is the position of the 
line along which it is performed. When the motion 
is curvilineal, the direction at any instant is the po- 
sition of the tangent to that point of the curve where 
the moving point is situated. 

The term matter is used to express chat substance 
of which all things that affect our corporeal SENSES 
are composed. 

Bodies are penetrated by other bodies, without any 
removal of their parts, in consequence of their poro- 
sity; and therefore under the same visible extension 
there may be different quantities of matter. 
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The visible extension occu pied by any body is called 
its volume or bulk. 
The guaniity Wo matter in-any, body i is estimated 
by its weig lt, and this is often termed the mass, 
Thus a pound of gold and a pound of cork are of 
equal mass, as they contain the same quantity of 
ponderating materials; yet * are of very unequal 
volume. 
Density is a term which, in atrietness of language, 
expresses the vicinity of particles; but, in common 
language, it expresses the quantity of gravitating 


& 


matter contained in a certain magnitude or volume. 


Thus one body is said to be more dense than another 
when it contains more gravitating matter in the same 


space; bence, as this quantity of matter in any body 


is proportional to its weight, that body is the most 
dense whose specific gravity is the greatest. 
Ho dies of the same density contain equal quanti- 
ties of matter in the same volume. 

If the volume of two bodies is equal, their densi- 
ties are as their weight; if the density of one is dou- 
ble that of the other, its weight is also double. 

If two bodies have the same density, their weight 
are to each other as their volume; ex. gr. if the vo- 
lume of A is double that of B, and their densities 
are equal, A will be twice the weight of B. 


Hence the quantity of matter in bodies is said 40 


be in a compound ratio of their densities and n. 
tudes. 


And the densities of bodies to be i in a @-compound ratio 


of their muss directly, and of their volume inversely. 
All changes of motion are considered as indicati- 

ons and characteristics of active causes. 
That which causes a change in the state of mo- 


tion of any body, or which de it in wotion, Fi 


called force. 
The sources of force are v arious. 
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4. The mind, by the muscles, de. is enabled to 
communicate motion to quiescent substances; to 
accelerate, retard, and alter the direction in which 
bodies have before been put in motion. This power 
is confined within certain limits, by whict the 
strength of animals is determined. 

2. Motion is commmunicated-or destroyed by the 


impact of bodies either solid or fluid. 


Thus the wind, by the force of its impact against | 


the sails, sets a ship in motion, which is still in- 
creased by the impulses of the waves in the same 


direction; and retarded by them, if they roll in a 


direction opposite to that of the ship. 


3. Gravity, OL magnetism, &c. are sources 


: of force. 


When powers are considered as tealdin gina « body, 
and the changes of motion in another body as pro- 
duced by their en, the first ay! is said to act 
on the second. | 

The exertions of mechanical forces are differently 
termed, according to the reference we make of the 
effect. 

If the effect of a force exerted by A be considered 
in relation to the change produced in B, A is said 


to act on B; but the same effect is sometimes con- 


sidered in communication of the former state of A, 
and it is considered as the effect of an endeavour 
in A to retain this state. In this case A is said to 
re- act against the power exerted by B. 

Action and re- action may be thus distinguished: 
if A moves when B ceases to act, the change in the 
state of B, from that which would have taken place 
in the absence of A, is ascribed to the action of A; 
but if A does not move, the same change in the 
state of B is ascribed to the re-action of A. Thus a 
weight is conceived to act on the string which sup- 
ports it, while the string is conceived to re-act on 
the weight. Where I have used the word re-action, 
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some have employed the term resistance, which, as 
both bodies may * said to act, is not only 1 inconve- 
nient, but obscure and equivocal. 

When the changes of motion in a body, B, are 
always observed to be directed towards another 
body, A, A is said to attract B, and the powe 


iel as residing in A, is called an atirnctive 


force in A. In like manner, if the changes in mo- 
tion in B are observed to be always directed from A, 
A is said to repel B, and the force is called the re- 
pulsive force of A. These are metaphysical expres- 
sions, and have led into many mistakes. If we 
cannot ascribe the motions of B to immediate im- 


pulsion, it is safer to say there is a tendency in B to 
or from A, of which A1 is the Eee, but not os | 


cause. 
| Mechanical forces are not objects of our oon- 
compilation, and therefore we cannot compare them, 


nor compare their proportions with the proportions. 


of any other quantities; we only compare some sen- 
sible quantities, which we conceive to be their pro- 


per measures. 


The only quantity which we perceive in mecha- 


nical phenomena, are the phenomena themselves; 


and the term force, in all our comparisons, means 
nothing but some or any quantities that are * 


tional to the observed phenomena. 


The direction of the observed change in motion is 


assigned to the force; thus we say the force of gra- 


vi acts downwards. | 
The action of force is inferred, when a force 


: which is known to act produces no change of mo- 


tion; thus the forces of magnetism and cohesion are 
inferred from -our observing a heavy body suspended 
by a loadstone or a string. The known force is 


| conceived to be opposed by another force, of which 


the existence and agency are detected, and the kind 
aud quantity by Ca means-determined. 9195 
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I consider as simple that motion which is produced 
by one force acting instantaneously on the body, 


and causing it to describe a right line with an uni- 


form velocity, that is, describing equal spaces in 
It will be shewn hereafter that there is no single 


motion but what may be considered as resulting 


from various forces, tending jointly to carry the 


moving body to the same point; and reciprocally 
that there is no rectilineal uniform motion so com- 
pounded, but what it may be considered as pro- 
duced by the simple action of one force. 
Three circumstances are to be considered in simple 
motion. HEHE Ian ve; ot cs Hans 
1. The velocity with which the body moves. 


2. The force consequent to its motion. 3. The 


laws to which it is subject. x 
Here it may be proper to observe, agreeable to a 

distinction of Aristotle, that there are two kinds of 

quantity, one which may be called proper, and the 


Proper quantity, is that which is measured by its 
own kind, without taking in any quantity of a dif- 
ferent kind as a measure of it; thus a line is mea- 
sured by known lines, as a foot, inches, &c. 

Improper quantity is that which cannot be mea- 


| gured by its own kind, but to which we assign a 
measure by the means of some proper quantity that 


is related to it; thus velocity of motion, when con- 

sidered by itself, oannot be measured. We may 

perceive one body, indeed, to move faster, another 

slower; but we can have no distinct idea of a propor- 

tion or ratio between their velocities, without taking 

in some other quantity of another kind to measure 
| 8 6 2 — | 
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them by” in this case the measure is time. Having 
1 


once assigned this measure, we can, and not ti 


then, conceive o REY to be double, triple, &c. 


that of another. he measure of an improper quan- 
tity © . always to be included in the definition 
thereo 

it a proper subject of mathematical reasoning. 
Tue velocity, as I have, already observed, is that 
property of motion by which the moving body de- 

seribes a certain space in a determined time. 
A body moving has so much more velocity as it 
describes a greater space in a given time, or as it 
takes up less time in describing the same space; 
that is, the velocity of a moving body increases in 
proportion as the space is augmented, or the time 
diminished. Mathematicians express this by saying, 
that in uniform motion, the velocity is directly as 


the space, inversely as the time; and consequently 


that the velocity is expressed by dividing the num- 
bers, indicating the space 1175 ose that one the 
tune. 

Thus if one body, a, moves F a pes of 
twelve feet in two minutes, and another, b, through 
but six feet in the same time, the velocity of a is 
double that of b; the WO, of a is cxpremed by 
6, that of b by 3. 

The velocities in equal times are therefore as che 
spaces described in these times. 5 

But the velecities required to describe equal ee 
are reciprocally as the time employed. 

The velocities of two bodies, which describe spaces 
that are in the same ratio as the times, are os ang 
| tvely equal. eh 
The velocities of two bodies describing spaces 
Which are reciprocally as the times, are to each other 
directly as the squares of the spaces, or ee 

as 8 the squares of che times. 
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The opaces described by a body are as the product 


of the velocity by the lime, or in Proportion of the imer 
and velocities jointly. 


The spaces described with equal velocities are as 


, the ti mes. 


The spaces described in equal times are as ; the 
yelocities. © 
The spaces deverided | in times reciprocally pro- 

ortional to the velocities, are respectively equal. 

The spaces described in times proportional to the 
velocities, are to each other as the squares of the 


velocities, or as the squares of the times. 


The times are as the Spaces n and as the ve- 
Jacities inversely. 10 

The times, thereſore, employed to» erde equal 
spaces are reciprocally as the volocities. | 

The times employed to deseribe unequal spaces 
with equal velocities, are respectively as the spaces. 

The times employed to pass through spaces which 
are proportional to the velocities, are n een en 
equal. 

Abe times employed. in S spaces whink 
are in the inverse ratio of the velocities, are to each 
other respectively as the squares of the spaces, or 
reciprocally as the squares of the velocities. 

- Velocity is distinguished into relative and abso- 
ute, 

Absoluie velocity is that which we have been just 
describing, and is measured by dividing the space 
by the time the moving body takes in describing 
that space. Thus, to know the velocity of a body 
that moves through fifteen required spaces in three . 
seconds, divide 15 by 3, and the quotient gives the 


velocity, that is, the space described in each second. 


Relative velocity is that with which two or more 
bodies approach or separate from each other. 

1. To render the explanation of this subject more 
Simple, I Shall consider, first, two bodies moving on 
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the same line, plate 1, fig. 1, Mechanics; fax this 
| N let us suppose two bodies at the extremity 
of the line AB, one moving from A towards C, the 
other moving from B towards C, and with the velo- 


cities expressed by the lines AC, BC. Now it is 


evident, that they will approach each other with the 
sum of these velocities, and consequently that their 
relative velocity will be equal to che sum of their ab- 
edu velocity. _ 
2. Again, suppose two bodies, late 1, fie. 2 
laced at the middle of the line P C, the one mov- 
ing from A to D, the other from B to C. It is here 
also plain, that they will separate from each other 
with the velocities expressed by AD, B C, and con- 


sequently that their relative velocities will be equal | 


to the sum of their absolute velocities. 

3. Let the bodies be placed on the line Ac, 
plate 1, fg. 3, and moving in the same direction; 

A moving from A to C, with a velocity denoted by 


AB; the body, B, moving also towards C, with a 


velocity expressed by BC. In this case, they will 
approach each other only with the excess of the velo- 
city of A above B. 

In the same manner, che telative velocity will be 
equal to the difference of the absolute velocities, if 
the line, AC, is prolonged towards C, and the body 


B is supposed to move quicker than 'A; for in this 


case they evidently separate from each other only in 


proportion as the dee velocity: of B exceeds that 
of A. 


The relative 8 is Af the SUM of the 


absolute velocities when the bodies are moved in opposite 
directions, or their di Herence when they move in the 
Same direction. 

If the bodies move on different hank, their 8 
velocities will be susceptible of great variation: ſor 
the particular cases, I must refer you to M. de la 
Cat „Keil, and other writers on mechanics. 
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I must beg ; you however to notice, that when any 
quantity is said to be given, it is meant, that the re- 
Ion of it to some fixed quantity of the same sort, 
considered as a standard, is known. In like manner, 
when any quantity is sought, it is required to find its 
relation to some fixed standard of the same kind. 
All forces of acceleration are referred to gravity, 


chat is, to the force whereby the earth accelerates 
adjacent bodies towards its center. | 
Time is referred to the earth's revolution wont | 

its axis, whether it be considered as Lohan into 
* hours, minutes, or otherwise. 


These two being definite standards, common to 


all ages and climes, it would appear, that standards 


of space and velocity are also determinable; but 
many difficulties in practice have prevented the de- 
terminations from being carried into practice; so 
that different nations, and sometimes even the same 
nation, make use of different measures, to which 
they refer all other spaces; and even in the same 
nation, these measures, as well from the imperfee- 
tions of the materials of which they are formed, as 
from various accidents, have been found in a series 
of ages liable to alteration. 

Though gravity, and the revolution of the earth 
round its axis, are standards of force and time, 80 
plainly pointed out by nature, as to have found uni- 


versal reception among mankind; yet, as the appli- 


cation of them requires skill in the theory, and dex- 


terity in the practice of mechanics, these measures 


have not been adopted as general and invariable 
standards; for men find it necessary to weigh and to 
measure, before they become philosophers; and in 


more improved times, philosophy is of too little con- 


sequence to alter what has been established 5 cen 
turies of continual use. - 
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Though the bee of a body in motion inereases 
with its velocity, yet its force or quantity of motion 
cannot be determined by considering the velocity 
alone; the mass or quantity of matter moved must 

also be taken into the account. 

The force impressed on a body to put it into mo- 
tion, is distributed uniformly to all the parts of this 

body, and impresses on each a velocity similar to 
that in the body; which can neither move with 
more nor less velocity than its parts. The velocity 


is only, then, an yy 42 denoting the force resi- 


dent in each part: for if one body contain a quantity 
of ponderable matter ten times greater than another, 
then may the heavier be divided into ten bodies, 
each equal in quantity of such matter to the lighter; 
and whatever force be required to produce a certain 
velocity in the lighter body, ten of these forces will 


be necessary to impel the ten bodies through the 
same space in the same time; so that the velocities 


of all the bodies shall be equal at the end of the 
motion: and it is the same as to the velocity pro- 
duced, whether the bodies be separated or united; 
the ten forces still acting upon them. 

We must, therefore, take in the mass, as well as 
the velocity, in order to judge of the force which 
animates a moving body; its mass, for the number 


of parts possessing a certain velocity or given force; 


its velocity, to know the intensity of the force ani 
dent in each of its parts. 

Thus, let the body þ, weighing one e pound, ow 
8ix degrees of velocity, whilst another body, @, of 
four pounds weight, has also six degrees of velocity; 


the body, a, may be considered as composed of four 
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othet bodies, each equal to h, and having the ans) 


velocity; consequently the body, a, has four times 
the momentum or quantity of motion of 5. Multi- 
ply the mass, ö, equal 1, by its velocity, and the 


product is 6; ; bat multiplying the mass, a, of four 


pounds, by its velocity, 6, the product is 24; ex- 

pressing the quantity of motion estimated by multi- 
plying the quantity of matter by the velocity, and 

the momentum, or force, is considered as in a ra- 

tio compounded of the quantity of matter and the 
velocity. 

As the quantity of motion in bodies is as the pro- 
duct of the mass by the velocity, it follows, that the 
velocity is as the quotient of the motion divided 
the mass, and their mass is as the motion divided by 
the . 


| 4 624 the motion; 
2 6 the velocity; 
24 = 4 the mass. 


In computations relating to forces, motions, times, 
&. the proportions of the quantities to each other 
are considered, and not the quantities themselves. 
In such computations therefore, when any two 


quantities are compared together, we may substitute 


any other two quantities, which have the same pro- 
portion to each other, as numbers, lines, &c. 
1. 1 follows, from what has been said on the 


quantity of motion, that if the velocity of a body 


increases whilst its mass remains the same, its ae | 
will be augmented as the velocity 1s increased; 
if several bodies, of the same mass, move with if; 
ferent degrees of velocity, their force will be as the | 
velocities with which they move. 

2. If several bodies are possessed of the same ve- 
locity, their forces will be as cheir masses; i. e. they 
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will have as much more force as they have more 


mass, being possessed of a greater number of parts 


animated with the same force. 
3. That a force being given, it will produce less 


motion in a body, in proportion as that body con- 


tains a greater number of parts. 

4. That the forces will be equal in two bodies, 
when the velocities are reciprocally as the masses; 
i. e. when the velocity of that which has the least 
mass, exceeds the velocity of that body with the 
greatest mass, as much as the mass of this exceeds 
that of the former. | 

It follows from what has been nic that a small 
body may have as much momentum, or force, as a large 
one, provided their velocities are reciprocally pro- 
portional to their masses. This is one of the rea- 


sons that, since the invention of gunpowder, the 
| battering rams of the ancients have been disused: 


for their machines were large and ponderous, not 
easily moved; and when moved, acting with only 
a small velocity. 

The effect 'of mechanical engines And 5 in a 
great degree upon this principle; for if a small 
weight is to ballance a great one, we must contrive 
to increase its velocity just as much as it wants of 
matter, and then it will ballance the large weight, 
if they act in contrary directions; for their momenta, 
being equal and contrary, destroy each other. 

The battering rams of the ancients consisted of 
very large beams of wood, terminated by solid bodies 
— iron or brass. Such a mass being suspended as 

2 pendulum, and driven partly by its gravit 4 and 


partly by the impulse of men, against the walls of a 
fortification, exerted a force which, in some respects, 


exceeded the utmost efforts of our battering cannon, 
though in other respects it was e inter to 


modern ordnance. 
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To compare the effects of a batterin g ram, the 
| metal extremity of which suppose equal in magni- 
tude to a twenty-four pounder, with that of a can- 
non-ball of twenty-four pounds weight; in order 
that the two bodies may have the same effect in 
cutting a wall, or making a breach in it, the weight 
of a ram must exceed that of the ball in the propor- 
tion of about es to the square of the velocity with 
which the battering ram could be made to impinge 
againt a wall expressed in feet. If this may be esti- 
mated at about ten feet in a second, the proportion 
of the weights will be that of about 2 „890,000 to 
100, or 28,900 to 1; the weight of the battering 
ram must therefore be equal to 346 ton. In this 
case, the battering ram and the cannon- ball moving 
with the velocity of 10 feet on 1700 feet respectively 
in a second, would have the same effect in pene- 
trating the substance of an opposed obstacle. But 
it is probable, that the weight of the aries never 
amounted to so much as is above described, and 
consequently the effect of a cannon- ball to cut down 
walls, to 3 a breach in them, must exceed those 
of the ancient battering ram. But the motion of these, 
or the impetus whereby they communicated a shock 
to the whole building, was far greater than the ut- 
most efforts of cannon-balls: for if the weight of 
the battering ram were no more than 170 times the 
cannon-ball, each moving with its respective velo- 
city, the momenta of both would be equal: but as 
it 1s certain they were above 170 times the weight 
of our heaviest cannon-balls, it follows, that their 
impetus to shake or overturn the walls, was far su- 
prone to that which is exerted by the modern artil- 
ery: and as the strength of fortifications will be 
generally proportioned to the means which can be 
used for their demolition, the military walls of the 
moderns have been constructed with less attention to 
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their solidity and ad OR than those of che 
ancients, 
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Ky I. Every body pewereres in a state of rest or 
of motion uniformly in a straight line, unless in so 
far as by some force impressed upon them they are 
obliged to change that state. 

This proposition was invented by Descartes, who 
asserts, that. a body once put in motion by the im- 
pulse of another body, will continue always to be 
moved in a straight line, till its motion be stopped 
or altered by something extrinsic to it. And, in this 
respect, rest and motion are said to be governed by 
the same law; because, as the body continues at rest 
till it be moved by something extrinsic to it, so it 
also continues in motion till it be stopped i in the 
same way. | „ 

This Iaw, as it is generally oncentood, has been 
much objected to, and is, I believe, now given 
up by the best mathematicians and philosophers 

both here and abroad. They have considered it not 
only as unreasonable, but as unnecessary; there 
being no occasion to consider motion as the cause 
of its own continuation; for motion is only an 
effect, and must, like all other effects, be referred 0 
its proper cause. The nature of motion will be 
more fully treated hereafter: I shall now only lay 
before you the sentiments of some able men on the 
present law. 

Dr. Horsley, Bishop of St. David' 8, among hom, 
ono it cannot = defended, and believes, 
with the author of the Ancient Metaphysics, that 

some active principle is necessary for the continuance, = 
as well as for the beginning of motion. I know,” 

says he, © that many Newtonians will no allow 
us: I believe they are misled, as I myself have 
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deen form erly misled; by the expression, a state of 
motion. Motion is a change, a continuation of 
motion is a further change; a further change is a 
repeated effect, a repeated effect requires a repeat- 
ing cause. State implies the contrary of change; 

and motion being N a state of motion is a 
contradiction in terms.“ 

The property of bodies to persevere in a state 
of rest or motion, which is announced by this law, 


is usually termed their vis inertiæ, and sometimes, 


in case of a moving body, their vis insita, or inhe- 
rent force. These terms, and the ideas conveyed 
by them,” says Mr. Robinson, professor of philo- 


sophy in Edinburgh, © are inaccurate, and should 


be used only to express the necessity we are under 
of employing force in order to nee a chan ge in 
motion. 

NM. Prony, in his e Hydravlique; shews; 
that these terms are equivocal, and only serve to 
perplex and confuse the mind; that ignorant of the 
nature of force, and the nature of motion, we should 
confine ourselves to the effects alone. | 

Mr. Berrmgton, This vis inertiæ, or power c of 
resistance, is generally said to be something passive; 
3 which resists action, but does not itself 

However, either to resist is really to act, or 
as it is a word void of all meaning, and therefore 
ought to be exploded from a science which 1 is not to 
be amused with empty words. 

- Law II. Every motion, or change of motion, in 
any body, must be proportional to, and in the direc- 
tion of the force impressed. . 

This seems nothing more, than chat any change 
Should be proportional to the cause producing such 
change; and, considering motion as an effect, it 
will always be found, that a body receives its mo- 
tion in the same direction with the cause that acts 
upon it. If the causes of motions are various, and 
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in different directions, the body acted upon must 
take an oblique or compound direction, resolvable 
into two or more simple directions; and henee it 
will follow, that the cause of a curvilineal motion 
cannot possibly be simple, but must arise from the 
joint effect of different causes Waden at the 
same instant to act upon the box. 

Law III. Re- action is always equal to action, 
and contrary thereto; or, in other words, the actions 
of two bodies on each other are always equal, and 
are exerted in opposite directions. N 

Action and re- action are correlatives; one can- 
not exist without the other: resistance, or re- action, 
is a necessary condition to action: even action be- 
comes re- action by a mere change of circumstances. 
In other words, @ acting on b, as it determines 6, 
is said to act; as it resists the re-action of ö, itself 
re- acts: and consequently every body that acts, is at 
the same instant active and re- active. 

If you press with your finger one scale of a 0. 
lance, to keep it in equilibrio with a weight in the 
other scale, you will find that the scale pressed by 
the finger acts against the finger with a — equal 
to that with which the other scale endeavours to de- 
scend. Thus, also, if a man in one boat, a, draws 
another boat, &, they will approach each other 
with equal quantities of motion. If the cord be cut 
in the middle, the part next @ will fly back towards 
a, and that part nearest þ will go to b6; which 
would not happen if the cord was _ drawn to- 
wards 4... 

When a horse or horses are drawing a boat or, 
barge against the stream up the river, the rope 
which connects them to the boat, draws the horses 
as much as they draw the boat. In other words, 
whatever motion the horses communicate to - the 
barge or boat, they lose an equal quantity them- 
selves: for suppose them to draw _ a force equal 
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to 100, and the force necessary to keep the cord 
tight be equal to 50, they will not be able to draw 
with any more than the remaining ſorce 50; for the 
same force of muscles and sinews which they exert 
in order to drag the boat, would, if they were freed 
from the incumbrance, enable them to go much 
further than they can go, in che same time, while 
connected with the boat. | 

When a cannon is discharged, the. rarefied powder 
acts equally on the ball and the breach of the gun; 
for the rarefied air, expanding itself every way, will 
equally press the cannon backwards, and the ball for- 
wards, communicating the same quantity of motion 
to each, though the velocities are very different. 
If the ball weighs 10Ib. and the cannon and car- 
riage 10,000Ib. the velocity of the ball will be 1000 
times greater.than that of the cannon, but the um 
tity of motion equal. Ha 

The re- action of the water on the oar oœasivns 
a boat to advance, and communicates to it as much 
motion as it received; the fishes perform by their 
tail and fins, and aquatic birds with their feet, what 
the waterman effects with his oar, the mutual action 
and re-action impelling them along. 

Birds support themselves, and pass through long! 
tracts of air, notwithstanding the weight of their 
bodies much exceeds that of an equal volume of the 
fluid in which they move. If their wings strike and 
push the air towards the earth, its re-action sup- 
ports their bodies; if the air be pushed towards the 
east, its re- action drives the bird towards the west. 
Birds which fly far, as the swallow, the falcon, &c. 
have generally small bodies and large wings, 
per to act on a large quantity of air; while ue 
whose flight is short, and for a little time, bave 
smaller wings, and strike the air oftener than the 
others. If you compare the muscles of a man's 
arm with those in che wing of a bird, you will find, 
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that the most robust and agile man would never be 


able to move wings proportioned to the weight of his 


body, with a per enn of supporting him in 
er 


Daniel un proposes a new way to navigate 


vessels, founded on this principle of action and re- 


action. He requires a tube to be fixed to the stern 
of a vessel, open at both ends, and kept constantly 


filled with water, by means of a pump. The 


water running out of the tube would act against 
that in which the vessel lay; the re-action of this 
would push the vessel forward without sail or 


oar. eee tried the e ee on a small scale 
with success. 


OF COMPOUND MOTION. 


By compound motion, I mean that which 1s pro- 
duced by the simultaneous action of Several powers 
acting in different directions. h 
The composition is not in the motion, but in the 

powers or forces by which it is produced. 

General law of compound motion. Any bode 80- 
licited to move by the simultaneous action of dif- 
ferent forces acting upon it in different directions, 
will -take a mean direction between what each 
power tends to communicate to it, and will move 
with a velocity proportionable to the force acting 
efficaciously: for, as the body cannot move in more 
directions than one at the same time, it must move 
in a direction resulting from the combination of 
the acting power; and the intensity of the force 
it receives, will be as the intensity of the force 
nee! in each, independent of their oppositions. 

1. Thus, if two forces act at the same time on 
any body, and in the same direction, the body will 
move with a velocity equal to the sum of the velo- 
city of the. two forces acting upon it. 
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2. If the two forces are equal, and act in exactly 
contrary directions, the body will not move; as the 
equal and opposite forces of the acting body destroy 


each other. — 


3. If the forces are unequal; but acting in oppo- 
site directions, the body will move in the direction 
of the strongest, with a velocity equal to the dif- 
ference of the velocities in the two given bodies. 

PRO OST¹TION. A body acted upon at the samt 
time by two forces, whose directions and intensities 


are & pigs by the sides of a parallelogram, will 


describe the diagonal in the ame time it would have 
described either of the sides, if it had been impelled by 
one force alone. 5 e 
Let the body at a, plate 1, fig. 4, be impelled 
by a force acting on it in the direction 2 c, which 
would cause it to move from 4 to c. At the same 


. instant let it be impelled towards 5, by a power 
that will carry it from @ to þ, in the same time, 


and acting in the direction ab. Complete the pa- 
rallelogram, and draw the diagonal ad, and this 
line will represent the direction and distance the 
body will move in the same time, when acted upon 
by both conjointly. For let us suppose a trough, or 


tube, equal to ab in length, in which a ball, a, 


can move freely; and that in the same time that 
the ball is moving umformly from @ to b, the tube 
is also moved uniformly from à to c, but so as to be 
always parallel to ab, and with its extremities to 
describe the lines ac, þd, But the ball has moved 
from @ to b in the tube, in the same time that the 
tube has descended to cd. Hence it is evident, 
that when the tube, a b, coincides with the line c d, 
the ball will be at the extremity, d, of that line, 
and that it is arrived in the same time it would 
have described either side. It is obvious, that it 
has also described the diagonal; for by assuming 
vol. III. . 4 
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smaller forces, and forming the parallelograms. aefg, 


atik, &c. it will be found at every interval in the 
diagonal of the parallelogram. Its motion is also 
uniform, being left immediately to itself after the 


simultaneous action of the two forces. The com- 
position of motion, and the doctrine of projectiles, 


depend on this proposition. 

The motions along à b, a c, may be. called the 
simple or constituent motions; the motion along a d, 
is called the compoumd, or the resulting motion. 

When a body is kept at rest by the three forces, they 
will be ds the three sides of a triangle en to the 
directions in which they act. 

For they are eee by the diagonal and two 
sides of the parallelogram forming a triangle, two of 


whose sides he in the _— of two of the forces, 
and the side parallel to 


lines be drawn, paralle] to these directions, they wall 


form a similar triangle, and therefore the pioportzon 
of the sides will be the same. 


It follows, therefore, that the three forces will be 


as the respective sides of a triangle perpendicular to 
which they act, because such a triangle will be si- 


milar to the othee.. The three forces must be all di- 


rected to the same point, otherwise wy will give 
the body a rotatory motion, 


The converse of this proposition i 18 true. A body 


acted upon by three forces, proportional to the three 


sides of a e parallel to which they act, will be 


at rest. 


I shall now illustrate this reasoning by a pleasing 
and evident experiment, Here is, plate 2, fig. 1, 


7 mechanics) a square frame, the sides of which are 


divided into equal parts, and strings are strained 
from side to side, through the equal divisions, 
forming a number of small squares: a string 1s 
also $tretched from one corner, A, to the other, 


e third force; and if the 
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F, of the frame, to represent a diagonal of the 
square. 

At H is fixed a pin, to which one end of a Silk 
string is tied, passin yur a pulley at C. A brass 
perforated weight, is suspended at the other end 
of the string. The p. ey is guided by two straight 


parallel wires, stretched between H and I, and may 
be drawn from H to I, by a string which pane over . 


another pulley at I. 


By drawing the string I, the pullies are moved 
from H to I, the weight is raised from F, and the 


center thereof describes the diagonal of the frame. 
Now the weight is acted upon by two forces; one 
determining it to move from F to O, in the same 


time that the other moves from O to A. By obey- 


ing both these forces, it dexonbed, as you saw, aye 


diagonal line, AF. 


OF THE COMPOSITION AND AESOLY TION OF 


A particle of matter may be * by At 
Bee at once, and it acquires a motion in which ey 
combine their influence. 


As the motion which it thus acquires micht have 
been produced by the action of a single force, those 

forces, by whose joint action this motion is r 
produced, are conceived to have composed the force 
Which would alone bave produced the same motion. 


This is called the composition of forces; and the single 


foree, which would have produced the same motion, 


Is 1 the resulting fore, the ons, or en 
lent force. 


For similar reasons, any motion may be con- 


sidered as resulting from the joint getions of two or 
more forces. This is called the revolution of forces; 
H2 


; 7 
TJ 


my 
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and the forces which are conceived to have pro- 
duced the motion , are Fed simple, or constituent 
Forces. 

Thus, as the lines a b, ac, plate 1, fig. 4, repre- 
sent the effects of the two forces, when acting sepa- 
na and ad their effect, when acting conjointly; 
we may consider a h, ac, ad, as representing the 
forces themselves: for we estimate force only by its 
effect; and N therefore consider the line, @ d, as a 


single force, which may either be divided into two, 


or considered as the result of two forces, represented 
by ab, ac. _ 

Therefore, in general, any body moving with a 
force represented by the diagonal of a parallelogram, 
may be considered as compounded of the forces re- 
Presented by the sides; for the motion will be the 
same as if it had been impelled by two forces pro- 
portionable to those sides; and as upon the diagonal 
an infinite number of parallelograms may be con- 
structed, any single force may be considered as 
compounded of more forces, and thus resolved into 
numberless pairs of forces, acting in the direction of 
the sides of those eee and proportional 
thereto. - -- 

The practice of reducing. compound forces to 
simple, and that of finding two or more forces equi- 
valent to one, is called the ps and resolution 
af. forces. * 

As the two sides, 455 bd, of the triangle 254 
plate 1, fig. 4, are greater than a d, it is plain, that 
the sum of the two forces, acting successively, is 

er than the result from both, when acting to- 
Fecher in different directions; therefore, when we 
substitute the force 2d, for the two forces a b, bd, 


it is not because it is equal to the other two, but be⸗ 


cause it produces the same effect as they ny when 
"acting in the given directions. 060 


_ the, parallelogram PGy F, the 
| longed towards F, will 155 che 3 FG, of the 
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The composing forces and their effect are neces- | 
Sarily | in the same plane, for the diagonal i is always 


in the plane of its parallelogram. 


As a body subjected to the action of two amn 
taneous forces, necessarily describes the diagonal of 
a parallelogram „whose adjacent sides represent the 
direction and intensities of these powers, while the 
diagonal represents the action of these two powers 
on the moving bodies; you may readily find the line 
a body will describe, when you know the direction 

and intensity of the forces by which it is actuated. 

It is easy to determine by these principles not only bY 
the effect of two forces acting at the same time 
upon any body, but also that of any number of 
forces. In order to do this, first find the. effect 


of two forces, compare this first effect with an- 


other force, from this comparison the second ef- 
fect will be discovered; this may be used instead 
of the three powers already examined, to compare 
with one of the remaining forces, and proceeding 
in this manner JW will gh the general and last 


result. 


As the two forces P, p. RES 1 \ fig. 5, are supposed 
such, that acting separately, P would have carried 
the body from G to D, while the other would have 
carried it from G to A, it is evident, that as P is to FR 
50 is GD to GA. 

As G is a body acted on by the two 5 P. Ps 
and as the spaces, G D, GA, are passed over in the 
same time by these forces, it follows that G D, GA, 
represent the respective velocities, as well as the 
spaces of the two / 420 ; 

If, with the directions 1 4 26, you construct 

tagonal, G B, pro- 


smaller parallelogram; this diagonal will therefore 
e a force capable of carrying G to B, in 


Tis oy tit coMpotrtion AND 


the same time that P would have carried it to D, or 
JJ baby 00: ary Sborige ST ord; 
f l The force represented by PG will have the same 
effect as the two forces P, p, acting at the same time 
on G, and the single force, FG, may be substi- 
tuted for the united forces PG, p G; and recipro- 
cally for the single force, FG, you may substitute 
any other two forces, as P G, p G, provided they be 
such that the spaces G D, G A, that each acting se- 
parately would have caused he body, G, to have de- 
scribed, by the sides of a parallelogram, of which the 
space, G B, described in the same time by the force, 
Geehend . 
From what has been said, you will find the fol- 
lowing problem very easy, and where any case occurs, 
be able to apply and readily solve it. . 
Problem. To substitute for a given force, F, two 
forces, P, p, which shall produce the same effect, 
This problem has two cases; 1. When the direc- 
tion of the forces, P p, is given. 2. When the forces 
are expressed by lines of a given leng tn. 
Case 1. Let the line, F C, express the given force, 
make at C an angle, p C P, equal to the given 4 
of direction, including F C between the legs of the 
angle; from F draw the lines Fp, FP, parallel to 
to the lines PC, p C, and thus you will form a pa- 
rallelogram, whose sides, P C, p C, will represent the 
„„ „ . ny LILR 
Case 2. In which the required forces are repre- 
sented by the lines, p C, CP, and FC, the given 
force, the sum of these two lines must exceed the 
given force FC, or the problem is impossible. 
Form a triangle of three given lines, and draw CP 
parallel to pF, and FP parallel to pC, and you 
will obtain the parallelogram, whose sides, p“, P C, 
determine the direction of the required force. 


e 
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1 will be easy now to see why the forces p C, 
5 C, whose sum exceeds that of their effect C; 


have not a greater effect' when acting at the same 


time on the body C, than would be produced by a 
single force, F C, acting in the direction FCC. 

Let fall the perpendiculars, 5 8, PT, on the line 
FC, and complete the parallelograms HS, TK; 
now we know, by what has been already said, that 
the force, þ & may be decomposed into two forces 


7 H, p 8, which, acting at the same time on the body 
C, are capable of producing the same effect as the 


force C. In the same — the force, PC, ny 
be decomposet into PK, PT. 


The body, C, may therefors be cmd as 
acted upon by these four forces, but the direction of 


two of these HC, K C, are equal and opposite; $0 


that there only remains the forces pH, PK, or their 
equals SC, J O, to act on the body. 

This hows you, that it is the o liqui ty 10 the di- 
rection of the forces that destroys a part of their 
absolute effect; the larger or So obtuse the di- 
recting angles are, the greater part is lost, and as 
the angle increases, the velocity along the diagonal 
will decrease. If the direeting angles become in- 
finitely acute, the two her get wil become one 
straight line. 

When the forces act in oppocite. FOR IF the 


velocity wilt be equal to the difference of the ye- 


Jocities arising from the impression of each —_ 


when acting singly. Thus, in the parallelogram 


BAC D, plate 1, fg. 7, whose sides, AB, AC, forin 
different angles, Whose diagonals are represented by. 
the dotted lines AD, AD, AD, it is evident, that 
as the angle, BAC, inereases, the diagonal grows 
Shorter, till at last the angle and with it the diagonal 


vanishes, and the two lines become one line; and 


the forces now acting in contrary directions, their 
velocity will be in the direction of the strongest, 
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and eee to its excess above the malle 
one. 


sides, AB, AC, form different angles, as that angle 


becomes more acute, the diagonal, AD, becomes 


longer, till at last the angle vanishing by the coin- 
cidence of the sides, the diagonal becomes equal to 
the sum of both the sides, and the velocity of C, 
equal to the sum of the velocities wherewith the 
body would move, were each of the forces acting 
upon it in the same direction. 

In plate 1, Fg. 6, the lines, PC, . represent 
the absolute —— of the powers, P, 72 and the 
straight lines, T C, S C, their relative for 

effects on the body C; from whence we may con- 
clude, that the effect of powers 18 only produced by 
their relative forces, and! in the Ade den of those re- 
lative forces. | 


From hence then you perceive, that ifa -onticle of 


matter is urged at once by two forces, which would 
singly produce motions in the same or in opposite 


directions, tbe motion which the particle will ac- 
quire, is the sum or the difference of the motions 
which they would produce singly. 

A particle urged by equal and opposite forces 
will continue in its former state; and those forces 


which produce no change of motion by their joint 
actions, are to be considered as equal and opposite. 


Such forces are said to be in equilibrio, to ballance 
and destroy each other, and the particle is said to be 
in equilibrio; when two forces ballance each other, 
they are considered as equal and opposite. 


Any number of forces acting on a particle of 


matter, will be ballanced by a force een and ap- 
Pede to their equivalents. 

ff any number of forces are in equilibrio, and are 
i Fan in parcels, the equivalent ab, dhese forces 
vould be | in equilibrio. | 


In the three paralicleigrams, plate 15 fe. 8, whoze | 


ce or real 


oo & _ 


1 N 1 
Go 
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If a number of forces are in equilibrio, and are 
estimated in one direction, or reduced to that direo- | 


tion, the force would be-in equilibrio. 


Problem. Three forces concurring in a point 
with directions that are not in the same plane, to 
find the direction and expression of one force equi- 
yalent thereto. | In plate 1, fg. 9, let ꝓ C, PC, QC, 
be the three given forces, acting at the same time 


af C, but situated in different planes. 


Nom it is clear, 1. That as two lines which meet 


are in the same plane, by drawing PD parallel to 
5 C, and pD parallel to PC, you will form a pa- 


rallelogram 9 5 PC, in the plane of which the 
forces PC, pc exert their action. In the same 
manner we obtain the parallelogram CP A Q, far 
the,plane in which PC, QC exert their forces, and 


the parallelogram, C G E p, for the forces, QC, p C, 


so that by drawing EB parallel to p D, and D B pa- 


rallel to pE, and joining A B, a parallelopiped 18 
| formed. : 


2: Lhe forces, PC, Q C, may be reduced to one 

AC which is one of the two diagonal planes of the 

parallelopiped; and lastly, the forces, A C, p c, are 

represented by the length and position of B 12 which 
is a diagonal of the parallelopiped. 

The same mode will answer for a greater 9 


of ſorces acting in different planes on the same body. 


The whole theory of the composition and resolu- 
tion of the forces may be deduced from the follow- 
ing principle: two forces acting at the Same time on 
a body, in directions which are oblique to each other, 
do not nove the body by that part of their force, 
which on account of their oblaquity, is opposite and con- 
trary, but by what remains after the 2 forces are 
deckel. | 

ever so many forces, acting against one another, 


are kept in equilibrio by these actions, they may all be 
| reduced 10 equal and opposite force. 
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For any two forces may, by composition, be re- 
Saeed to one force acting in the same plane; and 
this last force and any other may likewise be reduced 
to one force acting in the plane of these; and so on, 
till they all be reduced at last to the action of two 
equal and opposite forces. 

From the general tenor of what His: been ex- 
plained, I hope you have perceived, that, strictly 
speaking, there is no such thing in the abstract as 
an oblique force, or a force producing a motion in 
a single —_ not in the direction of that force. The 
motion produced in every body is supposed to be 
in the direction of the force that produces it: in- 
deed the direction of the motion produced is what 
marks out the direction of the force producing it, 
and the quantity of this motion is the measure of 
that force. But one force, as you have seen, may 

produce a motion in two bodies acting against each 
other, neither of which motions, taken separately, 
shall be in the direction of the original force 
producing that motion; thus one body may strike 
the surface of another in a direction oblique to- 


motions, considered separately will neither be in the 
direction of the e force, nor of the surface 
struck. 


Instances of compound motion in nature are innu- 
of engaging you to reflect on the subject. a 


vances ſorward in a mean direction between the two 
1mpulses. 

Birds who wish to turn, or change their direction, 
strike the air oftener with one wing than with the 
other. You may observe the same, perhaps more 
readily, . by attending to the motions of butterflies: 
the irregularity of the motions of these insects, 18 
entirely owing to the Irregular action of their "ow 


: | 


that surface, and then supposing them hard, their 


merable: I shall on y enumerate a few, with a view 


A fish, by striking the water with its tail, ad- 


as. aan. att... 


parallelogram, will 
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Snakes generally advance by oblique and opposite 
directions. 

The various manœuvres of watermen, the mo- 
tions of flame, smoke, &c. that the least breath agi- 
tates; rain, hail, &c. that fall more or less ob- 
liquely, according to the impulses by which they 
are actuated; the accidents that often happen in 
jumping out of a carriage, in which the lateral mo- 
tion is not so great as that which we suppose we 
have given ourselves: these, and innumerable other 


instances, are proofs of the extensive application of 


this useful principle; which you will find brought 


forward on many occasions, in the course. of these 


Lectures. 

That the action of oblique forces may be more 
strongly impressed on your minds, I shall exhibit 
two or three experiments, which you may extend at 
leisure. To this purpose here is a round table, to the 
edge of which you may fix any number of pullies, 
varying their direction at pleasure. By this I shall 
now illustrate the following proposition. 

Two forces acting at once on a body in the direction 
of, and in the quantity proportional to, the sides of the 

2 kept at rest, or counter poised, 
by a force opposed to ow} m the direction Y, and pro- 
portional to, the diagonal. 

I place a circular paper upon the round table, 


plate 3, fig. 5, so that its center may coincide with 


that of he table. Upon this paper a triangle, 
ABC, is delineated, whose sides are to one another 
as 2, 3, and 4. Draw CE parallel to AB, and 
continue AC towards D. G 
I take three strings, which are joined in one Wit 
by a knot; and placing the point over C, I stretch 
the strings over CD, CE, CB, and place the pul- 
lies T, T, T, to indie 5 the direction of the 
strings: then putting the strings over their respective 


pullies, at the end of the thread, C D, I suspend a 


— 
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weight of four pounds, to CE three pounds, and to 


CB two pounds. These weights will remain in 
equilibrio while the knot remains over C; but if it 
be removed out of that point, they will not be at 


| rest. 


It is evident from 55 experiment, as ; well as from 
what I have before mentioned to you, that power is 
always lost in the composition of forces; for here a 
weight of three pounds, and another of two, only 
counterpoise a weight of four; consequently no mo- 
tion produced by a composition of forces can be 
lastin g, unless those forces are perpetually renewed. 

With the same apparatus you may perform a va- 
riety of experiments, with three, four, or five forces 
acting at once. 


To illustrate further . nature and application of 


this article, let AB, plate 1, fg. 10, represent an 


artificial kite, kept up by the wind blowing in the 
direction, WC; by drawing the string ALB IH, 
fixed at A and B, the kite will gain such a position, 
that HI produced will pass through the center of 
gravity at C. 

Draw CO perpendicular to BA, and D O per- 
pendicular to the-horizon, HO. Then OC is the 
direction of the force of the wind that acts against 
the kite; and the force by which it is kept up is as 
the square of the sine of the angle ACW, or COD. 
Now, if D O represent the given weight of the kite, 


Co will be the force of the wind acting against it, 
and CD the force pulling at the string. The tail, 


E F, which generally has a small weight at E, keeps 
the head of the kite always towards the wind. 

As the direction of the string always passes through 
C, the angle ACH, and consequently H C O, will 
be the same at all altitudes, and the kite can never 


ascend 80 hi h as to make the angle CH O equal 
to ACH. 


ence it follows, that the smaller the 


angle HCO is made, the higher she will rise; the 


greater the wind, or the 294 85 the kite, the higher 
also it will rise. 95 | — 
The wings of: a bird are 80 constructed, that in 
striking downwards they expand to their greatest, 
and become almost two planes, being somewhat 
hollow on the under side. These planes are not 
then horizontal, the back part, K, plate 1, Hg. 11, 
being higher chan the fore-part, DFG; but in 
moving the wings upward, to fetch a new stroke, 
they go with the edge, DFG, foremost, and the 
wings contract and, become hollow. Their bodies 
are specifically lighter than that of men and beasts; 
their bones and feathers extremely porous, hollow, 
and light; the muscles which move the wing down- 
wards are excceding large, and have been estimated 
in some instances to be not less than a sixth part of 
the weight of the whole body. When a bird is on 

the ground, and intends to fly, he takes a lar 


and strikes them downwards with great force, by 
which they are put into an oblique position; and 
the resistance of the air acting strongly against them 
from the stroke, impels them and the bird in a di- 
rection perpendicular to their planes; which is in 
an oblique direction, partly upwards, and partly 
horizontally forward. That part of the force tend- 
ing upwards is destroyed by the weight of the bird; 

the horizontal force serves to carry him forward. 

The stroke being over, he moves his wings; — 
being contracted, and turning their edges upwards, 
meet with very little resistance from the air. When 
they are sufficiently elevated, he takes a second 
stroke downwards, and the impulse of the air again 
moves him rest and so from one stroke to 
another, which are only as so many leaps taken in 
the air. When the bird wants to turn to the right 
or left, he strikes strongly with the opposite wing, 
which impels him to the contrary aide. The tail 
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leap, and stretches his wings right from the body, 


U 
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acts like the rudder of a ship; except only that it 
moves them upwards or downwards, instead of side. 


ways. If the bird wants to rise, he puts the tail in 
the position IH; if to fall, in the position IL: 
whilst in an horizontal position, it keeps him steady. 
A bird can, by spreading his wings, continue to 
move horizontally for some time, without striking 
the air, because he has acquired a sufficient velocity, 
and bis wings being parallel to the horizon, meet 
with but a small resistance; and when he begins to 
fall, he can casily steer himself upwards by his tail, 


till the motion he had acquired is nearly spent, when 


he must renew it by two or three more strokes with 
his wings. On alighting, he expands his wings 
and tail full against the air, that they may meet with 
all the resistance possible. The center of gravity of 
a bird is rather behind the wings: to counterballance 
this, they thrust out their head and neck in flying. 

It is impossible, as already observed, for men to 


fly by the strength of their arms. For their pectoral 


muscles are vastly too weak: in a man, they are not 
one-sixtieth part of the muscles of the body; in a 
bird, they are more than all the others put together. 


Some birds are said to fly a thousand yards i in a 


minute. 


A fish swims by the help of his fins aid tail; a 


fishes are nearly of the same specific gravity with 
water. The muscular force of the tail is very great: 
their direct motion is obtained by moving the tai] 
from one side to the other with a vibrating motion. 
When going to move it, the fish turns the end ob- 


lique to the water, and moves it through it in that 


position. The water re-acts obliquely against the 
tail, and moves him partly forward and partly late- 


rally. The lateral motion is corrected by the next 


stroke the contrary way, while the progressive mo- 
tion is continued. They exert a very great force 


with their tail. By the bielp- 15 the tail they also 


— 


the belly fins, which act like two 


RESOLUTION OF FORCES, 127 


turn on one side; striking strongly with it on that 
side, and keeping it bent, it acts like the rudder of 
a ship. - The fins of a fish keep it 3 especially 
eet: without 
these he would swim with his belly upwards, as the 
center of gravity lies near the back. By contract-, 
ing or expanding the fins, they also assist him in 
ascending and descending: by inclining his tail ob- 
liquely, and turning it a little from an erect position 
to one side, it helps him to rise and fall. Fish swim 
but slow, and soon tire; yet some are said to SWIM 
Seventy or eighty yards in a minute. 

Brutes swim naturally; for they are apecifically 
lighter than water, and require but a small part of 
their head out for breathing. It is also easy to them; 
for they use their legs in swimming after the same 
manner as they do in walking. | 

Men do not swim naturally, though they arc spe- 


eifically lighter than water; for their heads are very 


large, and require to be almost out of the water for 


breathing, and their way of striking has no analogy 


to walking. Men attain the art of swimming by 
practice and industry. The art consists in striking 
the water alternately with the feet and hands; which, 
like oars, row him forward. When he strikes with 
his hands, he neither keeps the palm parallel, nor 
perpendicular to the horizon, but inclined; and his 


hands striking the water obliquely, the resistance of 


the water moves him partly upward and partly for- 


ward. Whilst his hands are striking, he gradually 


draws up his feet; and when the stroke of his hands 
is over, he strikes with his feet by extending his 
legs, and pushing the soles of his feet against the 
water; and | while he strikes with his legs, he brings 


about his arms for a new stroke, and so on alter- 
nately; keeping the body somewhat oblique, that 


be may more easily ereet his head, and _ his 
mouth above water. 


Fg 
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LECTURE XXVII. 


OF ACCELERATED MOTION. 


Tnoven the most unlettered rustic is sensible that 
the fall of a stone is: to be dreaded in proportion to 
the beight from whence it descends; that if it falls 
from a place a foot above his head, it is not so likely 
to be fatal as if it fell from the house-top; yet the 
law of acceleration, in falling bodies, was not disco- 
vered till the time of Galileo: to investigate the 
effect of gravity on such bodies was reserved for 

, him, who was one of the greatest ornaments of the 

age in which he lived. 

Motion is said to be accelerated, if its iet 
continually increases; to be uniformly accelerated, if 
its velocity increases equally in equal times. 

Motion is said to be retarded, if its velocity conti- 
nually decreases; and to be uniformly retarded, it its 
velocity decreases equally in equal times. 

In our general notions of acceleration or retarda- 
tion, we abstract our attention from all varieties, 
and they are supposed uniform: that is, we suppose 

. that the velocities increase or diminish at the same 
rate with the times, or that the changes of velocity 
are proportioned to the times in which they are ac- 


. „„ 1 
Accelerations and retardations may be 1 f 
as quantities, and are measured by the changes of 2 
velocity, which are uniformly acquired in the same Z 
or equal times; they are therefore proportional to t 


the changes of velocity directly, and to the time! in | 
which they are uniformly en inversely. f 


4 
* 
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If the velocities do not change at the same rate 


with the time, the acceleration or retardation is not 


constant. | 5 
If you suppose a body to be put in motion by a 


single impulse, and ming uniformly, to receive a 


new impulse in the same direction, its velocity will 
be augmented, and it will go on with the augmented 


velocity. If at each instant of its motion it receives 


a new impulse, the velocity will be continually in- 
creasing; and if this impulse is always equal, and 


acts in equal times, the velocity will be uniformly 


accelerated. e | 
The force, which at every instant gives this new 

impulse to a body, is called the accelerating force. 
For the same reason, if a body had at first a cet- 


tain velocity, and loses equal parts at each equal 
instant, by new impulsions acting in a direction 


exactly contrary to its motion, it is said to be uni- 
tormly retarded. | : © os 
Every body left to itself descends with an accele- 
rated motion, and a direction which tends to the 
center of the earth. The force causing this accele- 
ration, and occasioning this tendency, is called gra- 
vity, It is a force always present; and which, con- 


stantly acting on bodies, uniformly accelerates their 


motion. 5 
All that we can observe in motion, is the space 


described, and the time in which it is describing. 


From observations on these, we infer the propor- 
tions of the changing forces. Uniformly accelerated 
or retarded motion is therefore the indication of an 


invariable or constant force. The changes, there- 


tore, of velocity in any time, by a foree varying ac- 


cording to any law, 1s the proper measure of the 


accumulated or whole -action. of the force during - 
this time. nt 7 Se i 
I shall now endeavour to explain the law of bodies 
falling with an accelerated motion by the force of 
VOL, III. „ | 85 | 
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gravity. The accelerating force or gravity decreases, 
as the squares of the distances increase; but as the 
greatest distance from which we can observe the 
force of falling bodies, bears no proportion to that 
from the center of the earth, we may consider gra- 


vity as acting without any decrease, or rather that 


Its force is the same from the beginning to the end 
AA - 

Ihe nature of all accelerating forces is to act con- 
tinually on the moving body, and to be successively 
impelling it by an infinity of small strokes. But the 


accelerating force, being thus repeated as often as 


there are instants in the given time, 1s proportional 

to the product of the weight by the last acquired 

velocity. 

As gravity acts uniformly on all hodies at an equal 
distance from the center of the earth, let us suppose 
the time of the descent to be divided into a number 

of equal parts, infinitely small; the impression of, 


gravity will occasion the body to descend towards 


the earth in the first small instant. Now, if you 
suppose gravity to cease to act, the body will des- 
cend uniformly, in constquence of its first impres- 
sion, with an infinitely small velocity; but on the 
contrary, if at the second instant, a new and equal 
impulse 1 is added to the former; its velocity, in the 
second instant, will double that of the first; in the 


third, by the continued impulse, three times; four 


times in the fourth; and so on: for the impression 
made in the preceding instants are not at all im- 
paired by those that follow, but are, if I may be 


| — the expression, heaped one upon another; 


consequently, as the body is supposed to receive a 
new impression every moment of its fall, the velocity 
increases, as the moments or time increases. 

In the right-angled triangle ABC, plate 1, fig. 12, 
5 winch opens Wines by equal degrees fre om the point 


- 


OF ACOELERATED MOTION, 131 


A towards BC, the base of the triangle expresses a 
motion uniformly accelerated. 5 . 
The side, AB, expresses the time in which this 
acceleration happens, and this time is divided into 
four equal parts, or moments, as Al, 12, 23, 3 B. 
The small lines in the triangle A 1 k, repeated at 
equal intervals, and increasing in length by equal 
degrees, denote equal accelerations of the velocity 
from the instant in which a' body begins to fall, and 
the small equal lines in the square 1 m, denote an 
equal velocity during the time expressed by the 
side 1, 2. os 
These things being kept in mind, if you attend to 
the diagram, it will open to you all the consequences 
of these positions. | 
The line, 1 k, will represent the velocity acquired 
by a falling body in the first moment of time; 21, the 
velocity acquired at the end of the second mo- 
ment of time; and 3 o, the velocity at the end of the 
third; and so on. Ove Ie 
If the body, during the second moment of time, 
should retain the velocity 1 k, which it had acquired 
at the end of the first, it will describe the square 
surface 1, 2m k; for this surface is generated by a 
_ continual repetition or motion of the line 1 k, during : 
12; as the area of the triangle, a 1k, is described 
by an uniformly increasing velocity during the time 
A 1. But the area of the square is manifestly double 
the area of the triangle; whence it appears, that a 
body moving on, during a second moment, with the 
velocity acquired at the end of the first, will fall 
twice as far in the second moment as in the first: 
and the same will be universally true, that the velo- 
city acquired at the end of any given time will carry 
the body twice as far in the same time. + 
12, But if the velocity continues to increase uniformly 
Int during the second moment, then the space will be. 
7 12 | 
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as the tangle 1 21k, thrice as large as the triangle 
A 1k. 

The whole space described by the body in the two 
first moments will be as the area A21, which is 
equal to four times the area A1k; whence it fol- 
lows,. that the space described by the body in its 
fall is as the square of the time in "which it alls; for 
here the time is 2, the square thereof 4. 

In the third moment, were the body to fall with 
the velocity 21 during the time 23, the space*de- 
scribed will be as the rectangle under the time and 
velocity, that is, as the rectangular space 23 nl, 


equal to four times A 1k; but as the velocity is still 


uniform, the space will be as the area 2 3 0], five 
times as great as A1k. And thus will the rectan- 
gle under the time and velocity be always increased 
uy units. 

As the triangle A 1k, A21, A30, ABC, are all 
similar, as A2 is the double of A 1, 21 will be the 
double of 1 k; and as A2 expresses the time, and 


21 the velocity, where the time is double, the velo- 


city is double, therefore the velocity is as the time; 
and so on of the rest. 


If the spaces described in each moment bo con- 
sidered separately, the space in the first moment will 


be as 1; in the second, as 3; in the third, as 5; in 


the fourth, as 7; and so on in an arithmetical pro- 
gression: the common difference being 2. 

Thus, I have shewn you from theory, and which 
I shall, in the course of this Lecture, illustrate by 
experiment, 6 NP 

1. That in bodies filling freely by their own gra- 
vity, the spaces described in falling from rest, arè as 
the squares of the times of falling. 

2. That the spaces described by fallin DS bodies are 
as the squares of the velocities. 


'S 
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3. That, therefore, the spaces deveribed by falling 


bodies are 'in the compound ratio of the times and 


the velocities acquired by falling, 

4. If a body falls through any space, and moves 
afterwards with the velocity gained in falling, it will 
describe twice that space in the time of its falling. 

The motion of a body thrown directly upwards is 
continually retarded, in the same manner that the 
motion of a falling body is accelerated: for, the ac- 


| tion of gravity in this case, continually acts contrary 


to the motion of the rising body; whereas in that of 


falling bodies, it conspires with it, 


As the power of gravity communicates to the body 
in every equal moment equal velocities, so the velo- 
city of a body thrown upwards, is equally retarded 
in equal times; for the same force of gravity, which 
generates motion in a falling body, destroys it in a 
rising one. It follows, therefore, that in the same 
time and manner the same velocities are generated 
and destroyed in the same times. A body thrown 
upwards continues to ascend till it has lost all its 
motion, when it will begin to descend, and the 
motion will be just as much accelerated as it was 
before retarded; it therefore ascends during the time 
that a body in falling can acquire the velocity with 
which 1t was thrown up. | 

And the heights to which bodies W e directly 
upwards, with different velocities, can ascend, are 


to one another as the squares of their first velo- 


cities, 

Their bodies ascending describe spaces which 
follow the progression of the odd numbers taken 1 in a 
retrograde order. 

To render this Subject still clearer, let us apply 


this theory to practice. But here I must first pre- 


mise, that when a body falls freely by the force of 
gravity, it will describe about sixteen feet and an 


inch in one second of time; but, for the sake of 


. * 
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round numbers, I shall suf ppose it to be sixteen feet, 

This measure has been deduced from the motion of 
pendulums; between which and the rectilineal des- 
cent of heavy bodies there is so close a connexion, 


that neither of them can be thoroughly understood 


independent of the other. Now, as a body falls 
through 16 feet in the first second, it follows, that 
at the end of the second moment it will have fallen 
16 multiplied by 4, equal to 64 feet; the space 
being as the squares of the times, and the square of 
2 is 4. By the same rule, at the end of the third 
second it will have fallen 144 feet, equal 16 multi- 


plied by g; at the end of the fourth, 256 feet, equal 


16 multiplied by 10. 

Hence, if the space be given through which a 
body 1s to fall, you may collect the time wherein it 
will finish its descent: for, let the number of feet in 
such a space be divided by 16, and the quotient will 
express the square root of che time e in. se- 
conds and parts of a second. 


Thus, if the space be 144 feet, this divided by 16 


gives g, of which the square root is 3. The con- 
verse of this is equally true; for if the time be given, 
the space through which the body hath descended 
may be found. If you desire to learn the depth of 
a well, from the surface of the earth to the surface 
of the water, let a bullet of lead be dropped therein, 
and let us suppose it to strike the water in five se- 
conds: the square of 5 is 25; which, being multi- 
plied by 16, the product will be 400 feet ſor the 
depth of the well. 

Again, were you to see a mass of burning matter, 
or a large red-hot stone, shot upwards from the 
mouth of a yolcano, and could observe accurately 
the whole time of its flight in the air, rising and 
falling, which we will suppose thirty seconds, you 
may thence discover the height to which it arose; 


for, a ee body will both rise and fall in the 
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same time: therefore, we are to take half the above- 
mentioned time, or fifteen seconds. Now, 15 mull. 
tiplied by 15, and this by 16, give 3600 feet, or 1 
1200 yards, which 18 not far from three-quarters of 

a mile. 

But you are to observe that in the application of 
this theory two things are taken for granted, before 
we arrive at any one of these conclusions: fret, that 

the theory is true in practice to a mathematical ex- 
actness, of which you will soon see the proofs; se- 

condly, that the motion is without impediment, or in 
a medium that gives no resistance: but this is false, 
as the bodies meet with great interruptions from the 
resistance of the air. Upon this account, the well 
whereof we are finding the depth, will not be 80 
deep as may be imagined by several feet; nor the 
stone projected from the volcano rise so high as we 
have already concluded. The resistance of the air 
is liable to so many variations, as to render the find- 
ing the absolute quantity of it at any time a problem 
$0 difficult and complicated, as Oy to admit of 
an rn ene solution. 
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OF MR. G. ATWOOD'S APPARATUS FOR MAKING 
EXPERIMENTS ON THE RECTILINEAL MOTION 
OF BODIES WHICH ARE ACTED ON BY con- 
STANT FORCES.* 


This elegant and accurate machine before you, 
plate 1, fig. 13, is the contrivance of Mr. Awad, 
and renders sensible to the eye and ear, by means: of 
a set of friction wheels, various weights, and a clock, 
the laws of motion uniformly accelerated or retarded, 
as well as those of uniform motion, and that withaut 
employing a space more that five and a half feet, 


"Wa 


* Atawood's Treatise on the Rectilineal Motion of Bodies. 
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which causes it to be extremely convenient and de, 
monstrative for a course of lectures, 

Mechanical experiments are of two kinds; the 
one relating to the quiescence of bodies, and the 
other to their motion. | | 

. Among the former are included those which de- 
monstrate, or rather make evident to the senses, the 
equilibrium of the mechanic powers, and the corres- 
ponding proportions of the weights sustained, to the 
forces which sustain them, the properties of the 


center of gravity, the composition and resolution of 


forces, &c. 5 1 
By the latter, or those on motion, are shewn the 
laws of collision, of acceleration, and the various 
effects of forces which communicate motion to bo- 
Of mechanical experiments it may be proper to 
observe to you, that those wherein an equilibrium 
is formed, will frequently appear coincident with the 
theory, although Wr de errors are committed 
in their construction. This arises from the effects 


of friction, tenacity, and other causes. The case is 


different in experiments concerning the motion of 
bodies; in which, whatever care be taken to render 
the proportion of the forces, and the weights moved, 
such as is required by the theory; yet the interfe- 
rence of friction, which renders the former appa- 


rently more perfect than they really are, causes these 


to differ from the theory. 1 
If the experiments are only designed to assist the 
imagination, by substituting sensible objects instead 
of abstract and ideal quantities, an apparent agree- 
ment between the theory and experiment may be 
sufficient to answer this purpose, although it hay 
be produced from an erroneous construction: such 
experiments cannot, however, impress the mind with 
that satisfactory conviction that arises from experi- 
ments accurately made, 5 5 
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Dr. Desaguliers tried the effect of falling bodies, 


by letting a leaden ball fall from the inner cupola of 
St. Paul's church, whose altitude from the ground is 
272 feet. The ball descended through this space in 
four seconds and an half; in which time, from the- 
ory, it should have descended through 325, 6 feet, 
which makes a difference of about one-fifth of the 
actual descent between the experiment and the the- 
ory. Dr. Desaguliers sbews, in his fifth Lecture, 
that this difference arose principally from the resis- 
tance of the air, To remedy the defects of these 
cxperiments, Mr. Atwood contrived his apparatus. 

Of the mass moved. In order to obtain an ade- 
quate idea af the laws that are observed in the com- 
munication of motion, and observe the effects of the 


moving force, the interference of all other force 


should be prevented. The bodies impelled should 
be conceived to exist in free space, and be void of 
gravity or weight; so that to a given substance vari- 
ous degrees of force may be applied. This indeed 


cannot be effected in bodies falling freely near the 


earth's surface: we cannot abstract the natural gya. 
vity or weight from any substance whatsoeyer; / for 
the same substance is always impelled by the same 


force of gravity, which admits not of increase or di- 


minution. 


Yet, this difficulty may be obviated by ballancing 


minishing friction. 


The motive, force of gravity being destroyed by. 


the contrary and equal action of the weights, they 
will remain quiescent till some force is applied to 


them. When any impulse is communicated to 
them in a vertical direction, they will afterwards: be 


pbseryed to describe equal spaces in equal times, or 


two equal weights, joined by a flexible line which 
goes over a pulley. The axle of the pulley must 
rest on wheels constructed for the purpose of di- 


— 
* 


158 
1 5 
N. 


1 N N 
Re 
. 


| N 
138 ATWOOD'S APPARATUS wok | 
will move uniformly; and the velocity communi. 
cated will be precisely the same, as if the same im- 
pulse had been impressed on a quantity of matter 
equal to the two bodies existing in free space with- 
out gravity, due allowance being made for the iner- 
tia of the wheels. 125 | 
Thus, in this instrument, plate 4, fg. 13, which 
is constructed to illustrate this subject experimen- 


tally, there are two equal weights, A, B, affixed to 


the extremities of a very fine and flexible silk line. 
This line is stretched over a brass wheel, ahcd, 
moveable round an horizontal axis. The two 
weights, A, B, being precisely equal, and acting 


against each other, when the least weight is super- 


added to either, it will preponderate. 

When the weights, A, B, are set in motion by the 
action of any weight, which Mr. Atwood called m, 
the sum of A added to B, added to n, would consti- 
tute the whole mass moved; but then there is to be 


added the inertia of the materials which must neces- 
sarily be used in the communication of motion. 


These materials are, 1. The large wheel, abcd. 


2. The four brass friction wheels, on which the 


axle of the wheel abc d rests: these wheels are used 
to prevent the loss of motion which would be occa- 


$10ned by the friction of the axle, if it revolved on 


an immoveable surface. 3. The weight of the line: 
but this is too inconsiderable to have any effect. 
Of the resistance from the inertia of the pullies. If 


the whole mass of the wheels were accumulated in 
the circumference of the wheel 3 5d, its inertia 


would be truly estimated by the quantity of matter 
moved. If their figure was regular, and the density 


distributed uniformly in each, mathematicians would 


furnish us with rules for finding a weight, which, 
being accumulated uniformly in the circumference, 
abcd, would exert an inertia equal to that of the 
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wheels. But as the figures are wholly irregular, re- 
course must be had to experiment for the discovery 
of such a weight. 

For this purpose. a weight of thirty grains was 
affixed to a silk line which did not weigh one-quarter 
of a grain; this line being wound round the wheel, 
the weight of thirty grains, by descending from the 
rest, communicated motion to the wheel; and, by 
many trials, was observed to describe a space of 


thirty-eight and an half inches in three seconds. 


From these data we find the mass equivalent to the 
inertia to be two ounces and three quarters. This 
is a mass equivalent to the inertia of the wheel ab c 4, 
and the friction wheels together. * 
The resistance to motion, therefore, arising from 
the wheel's inertion will be the same as if it were 
absolutely removed, and a mass of 24 were aceu- 
mulated in the cireumference of the wheel 2 b cd. 
This being premised, suspend the pieces or brass 
boxes, A, B, by a silk line passing over the wheel 


abe d, and make them ballance each other: now, if 


Ladd any weight, m, to A, so that it shall descend, 


the exact quantity of matter moved will be ascer- 


tained, for it will be A added to B, added to 5 
added to 23 0. 

In order to avoid troublesome computations in 
adjusting the quantities of matter moved, and the 


* Mr. Atwood proves in his work # that the following formats 
will give the required mass p * re here p signifies che 


weight, 30 gr.; t the time, 3 neconds; d the space described by a 
body in a Second, 16 feet 1 inch, or 193 inches; s the space de- 


scribed by the body, 385 inches; and x the inertia sought. 


That is in figures for the present case, 39x 9X 193 — 30 equal 
35-5 


to 1323 tle or 24 02. 


+ Arr on Rectilineal Motion » p- _ 
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moving force, one-quarter of an ounce is assumed ag 
a standard weight of convenient magnitude, to 
which all others are referred; this weight is called n. 


Now the inertia of the wheel being 24 oz. will be 


denoted by 11m; A and B, the pieces or boxes 
to which the different weights are applied, are cach, 
together with the hooks by which they are sus- 
pended, equal 13 0z. or 6m, We have a variety of 
different weights, fg. 23, some of which are equiya- 


lent to 4 m, others to 2 47, some equal n, and others 


to aliquot parts thereof. 
If then I apply 19m to each of the pieces A, B, 
these, with those pieces, will each be equal 25 n, 
ballancing themselves, and the whole mass will be 
50 m, which being added to 11m, the inertia of 
the wheels, the whole mass will be 61 ; now add 
Mm to both A and B, and the whole mass will be 
03m, perfectly in equilibrio and moveable by the 
least weight, added to either, setting aside the ef- 
fect of friction, in the same manner precisely as if 
the same weight or force were applied to communi- 
cate motion to the mass 63 m, existing in a free 
space and without gravity. 1 
Of the moving force. As the natural weight, or 
gravity of any given substance is constant, and the 
exact quantity easily estimated, we shall apply a 
weight as a moving force; thus, when the system 
consists of a mass equal 63m, I apply a weight, m, 
to A, and it communicates motion to the whole 
system; the whole quantity of matter moved is 
04m; the moving force n, this gives us the 


force which accelerates the descent of A, being 


m 


the bodies descend freely to the earth. 
You see by this example, that the moving force 


may be altered without altering the mass moved; 


for, suppose the three weights m, two of which are 


zm, or vr part of the accelerating force, by which 
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placed on A and one on B, be removed, then A will 35 
ballance B. | 

Now place the weights 3 m on A, and the moving 
bre will be 3 , and the mass moved 64 as before, 
and 1 force which accelerates the descent of A 
equal = 755 | 

To make the moving > force 2 n, remove the three 
weights , A and B will ballance one another, and 
the whole weight will be 61m; add 5m to A and 
im to B, and the mass moved will be 61 mn; now 
place 2 m on A, and the mass moved is 04 as before, 
whereof the force of acceleration is 28 I part of 
the acceleration of gravity. 

Of the Space described. The body, A, bed 
as you perceive, in a vertical line, along one of the 
scales, C C, fg. 13, which are each about sixty-four 
inches long, and is graduated i into inches and tenths: 
these scales are so adjusted as to be vertical, and 80 
placed that the descending weight may fall in the 
middle of the stage D, fixed to receive it at the end 
of the descent; the beginning of the descent is esti- 
mated from o, on the scale, when the botom of A is 
level or even with o; the descent of A is terminated, 


when the bottom strikes the stage; the situation or 


distance of the stage may be varied at pleasure within 
the range of the sixty-four inches. 

f the time of motion. The time of the motion 
is observed by the beats of this pendulum, E, af- 
3 to the pillar G, and which vibrates seconds. 
The number of seconds are shewn by the index and 

dial-plate above. 

Many mechanical devices might be applied for 
letting the weight, A, begin its descent at the instant 
of the beat of the pendulum; but it is simpler, and 
Mr. Atwood thinks better, to let the bottom of the 
piece or box, A, when even with o on the scale, rest 
on a flat rod held in the hand horizontally, its extre- 
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mity being coincident with o; by attending to the 
beats of the pendulum, you may, with a little prac- 
tice, remove the rod which supports the box, at the 
instant the pendulum beats, so that the descent of A 


| shall commence at the same instant. 


Of the velocity acquired. I have only now to Shew 
you in what manner the velocity acquired by the de- 
scending weight A, at any given point of the space 

through which it has descended, is made evident to 
the senses. 

The velocity of A's descent evi continually ac- 
celerated, will be the same in no two points of the 


space described; this is occasioned by the constant 


action of the moving force: and since the velocity 
of A, at any instant, is measured by the space which 


would be described by it moving uniformly for a 


given time, with the velocity it had acquired at that 
instant, this measure cannot be experimentally ob- 
tained, but by removing the force which caused the 
acceleration of the descending body. 

IJ 0o effect this, here are some weights or moving 


forces in form of bars or flat rods, , fig. 23, to be laid 
on A; here 1s also a circular frame, H, fe. 13, to be 


fixed to the scale at any proper height, in such manner 
that A will pass centrally through it; when A passes 
through this frame, it leaves the bar by which it 
had been accelerated on the circular part of the 
frame. After the moving force, , has been inter- 
cepted at the end of the given space or time, there 


will be no force operating upon any part of the 


system to accelerate or retard its motion, and con- 
sequently the instant is removed, A will proceed 
uniformly with the velocity it had acquired that in- 
stant, and the velocity being uniform, will be mea- 
sured by the space described in any convenient num- 
ber of seconds. 

It may here be necessary to observe, that Mr. 
Atwood has clearly Shewn, that the weight of the 
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line can have no sensible effect on the experiments, 
for the inequality of the motion occasioned by it 


does not amount to more than ».5rx of a second, 
a quantity too small to be distinguished by the 
senses. 1 8 0 

The resistance of the air does not affect these 
experiments; for, as the greatest velocity communi- 


cated in these experiments does not exceed 26 


inches in a second, and the pieces A and B being 
only about 13 inch in diameter, the resistance of the 
air can never increase the time of the descent in 80 
great a proportion as 240 to 241, and will be there- 
fore insensible in experiment.“ | | 

The effects of friction are almost wholly removed 
by the axis of the wheel, abc d, acting on the four 
friction wheels, e, /, g, l. If the weight, A and B, 
be ballanced in perfect equilibrio, and the whole 
mass consists of 63 m, a weight of two grains, 
added to A or B, will communicate motion to the 
whole, which shews how inconsiderable the friction 
is; in some cases, however, particularly in experi- 
ments on retarded motion, the effects of friction 
become sensible, but may be very readily and ex- 
actly removed by adding rather less than two grains 
to the descending weight; the weight should be al- 
ways less than what is sufficient to put the whole in 
motion. . SP 

The space which bodies describe in one second, 
by falling freely from rest, is 193 inches; but in 
the ensuing experiments, the space is taken at 192 
inches, which will be productive of no error, in order 
to avoid fractions, which would render the use of the 
instrument less easy and intelligible. 

Having now, I hope, sufficiently explained the 
instrument, I shall proceed to the construction of 
some experiments with it. : 


* Atwood on Rectilineal Motion, p. 314, 315, 
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Let two equal weights, A and B, be d pendal 
by a line, joining them, and going over a fixed 
pulley. F any weight be added to them, it will pre- 
ponderate, and in its descent will describe spaces 
which are as the Jn of the times oF falling from 
rest. 

The equal weights are, in the present case, each 
equal 26 , and the additional weight applied as a 
force to communicate motion . Then the mass 
moved is m+52 m+the inertia of the wheels 11 n, 
making in all 64m. Now I shall shew you, that 
the preponderating weight descending from quies- 
cence during 1, 2, 3, seconds, describes in the first 
second 3 der in the second 3X4 or 12 inches; 
in the third 3x9 or 27 inches; the spaces being re- 
spectively as the squares of the times of motion. 

To prove this, I affix the stage to 3 on the 
graduated scale, bring the under surface of the piece, 
A, to coincide with o, on the scale, and let it fall at 
a beat of the pendulum, and you will find it strike 
the stage when the pendulum beats again: it has 
done 80, having passed through three inches in one 
Second. I shall now place the stage at twelve 
inches, and the weight will strike it exactly at the 
second second; when placed at twenty-seven, the 
stroke of the weight will coincide with the third se- 
"cond. - 

I shall now subjoin a table of some experiments 
of the same kind to be repeated by yourselves, 
which will rivet the theory more 12 in your 


mind, and render you readier in applying it to par- 


ticular cases. Let A hold 364 n; B, 364 m. The 


spaces described, &c, will be as in che following 
table. 
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4 q | | PR, PRE n 
Moving | Mass Accelerating Times of mo- HTO OE 
force. moved. force. tion in seconds. from rest estimated I 
Gs hee in inches. 
15 | \ 2 1 
| 5 3 | 9 
im 96m ws 1 4 16 
* 1158: *; 25 
| | 6 36 
[ | 7 49 


If different forces are successively applied to accele- 
rate equal quantities of matter from quiescence, the 
spaces described in any given time will be in the same 
proportion with the forces. inp 

If any body, equal to 64 m, fall freely, or be 
acted upon by its own natural weight, it will de- 
Scribe 192 inches in the first second of its fall; but 
if the same mass is impelled by only zz of its accele- 
rating force or 1 mn, it will describe only a 04th 


part of the former space, that is, only three inches, 
a proportional effect. 


To prove this, let A and B be each made 
equal to 25 n, then will A and B be equal to 50 *; to 
this add 11 for the inertia of the wheels, and we 


have 61 m: now put 2 72 on A, and 1m on B, and 


the mass moved will be 64 mn, and the moving 
force 1 m. 5 5 N 
Set the stage to three inches, and let the weight 


descend as before, and you will find it strike the stage 
at the first second. | | 


If the ame force impels different quantities of matter 
for any given time, the spaces described from rest will 
be inversely as the quantities of matter moved. 

VOL. III. . 
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Let the force be m, and the mass 04 m, and the 
space described, AY one second, will be three 
Inches. 

Let the force be n, and the mass 32 mn, and the 
space described in che same time will be six inches. 

If the force be increased or diminished in the same 
proportion with the mass moved, the spaces described 
from rest in the same time, will be equal, | 

Let m, 2m, and 4m, be the moving forces 
which impel the quantities of matter 32 m, 64 m, 
128 m, respectively; then m will impel 32 1 through 
six inches in a second, 2 n will impel 64 m, and 4 1 
will impel 128 1 through the same space in the 
same time. 

From hence you may infer, that when different 
quantities of matter describe equal spaces in equal 
times, being accelerated from quiescence, the forces 
must be in the same proportion with the quantity of 
matter“ moved. 


Fa body be moved from quiescence during any given 


tame, it will, at the end of that time, have acquired 
Such a velocity, as will, if continued uniform, carry il 
through double the space which the body has already de- 
geribed to acquire that velocity. 
Let the mass moved be 64 m, the force, m; but 
let m, which is applied to A, as the moving force, be 
one of the flat rods m, Fg.23. Place the circular frame 
so that A may, in descending, pass through it, and 
its height be such, that the instant the lower sur- 
face of A arrives at twelve inches, the rod, , may 
be intercepted by the surface of the circular frame, 
and thereby be prevented from the further acce- 
leration of the system. Let the other stage be set 
at thirty-six inches, that 1s twenty-four from the 
circular frame. 


* By this term 1 mean only the quantity of ponderable matter, 
for that there is other matter is evident from a thousand experi- 
ments. 
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Now, let the weight begin to descend from o, 
on the scale at any beat of the pendulum; at the 
end of the second beat, you will hear the rod strike 
the circular frame, having described twelve inches 
with an uniformly accelerated motion; and at the 
fourth beat of the pendulum, it will strike against 
the square stage at thirty-six, having described 
twenty-four inches with an uniform motion. 

If the same force acts on the came mass for different 
times, one second, two seconds, and three seconds, the 
velocities generated will then be six inches, 6X2 inches, 
and 6X 3 inches in a Second respectively, being in the 
game proportion with the times wherein the given force 
acts. | FE! OE 

Set the circular frame to three inches, and the 
Stage to nine inches, let the mass moved be 64 m, 
the moving force, n; the weight, A, beginning its 
descent at any beat of the pendulum, the rod will 
strike the circular frame at the next beat: here the 
rod is removed, and A describes the next six inches 
uniformly in one second, striking the stage at nine 
at the second beat. By trying the apparatus in other 
instances, you will find the experiments coinciding 
with theorx. „ 1 
These experiments shew, that if this force, by 
which bodies are accelerated, is the same, the velo- 
cities generated are in the same proportion as the 
times wherein the given force acts. 3 

If a body is moved from rest through the same space 
by different forces, the velocities generated will be in a 

subduplicate ratio of the forces. N ee 

Let the mass be 64m, and the force m, you will 
find the velocity acquired in describing twelve inches 
in two seconds, will, when the force is removed, 
carry it through twelve inches in one second. Now, 
let the mass be 64 m, and the force 4 m, and you 
will find the body, in describing twelve inches, will 
acquire a velocity of twenty-four inches, being in 
| | K 2 
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che ratio of 1 to 2; whereas the accelerating forces 
are in the ratio of 1 to 4. 


If the different quantities of matter be ee 


through the same Space, and acquire the same velocity, 
the moving forces must be in rhe 8 Same ratio as the quan- 
tities of matter moved. 


Let the quantities of matter \ be 64 m 120 48 m, 


the space twelve · inches, the moving forces must be 
as 4 to 3. The FE experiments will illustrate 


this truth. 
Moving Qantities ot Accelerating op 8 * 4 Ag 8 
forces. matter. eee, e e 
1 „„ inches. in a second. 
m1 mw 1:44; ²m:m 1% 
1 „ "14: | 
2 96 | & 12 12 
3 e 
7 48 m ", FN 12 


| ; may infer, from the two last sets of expe- 


riments, that the moving forces, which impel bo- 


dies through the same spaces, are in the joint ratios 
of the quantities of matter moved, and the nar 
of the velocities generated, 

Va given quantity of matter is Dei from rest 
through different spaces by the action of the same force, 


the velocities generated will be in a subduplicate ratio of 


the space described. 
Let the quantity of matter be 64 m, the force m, 
the spaces 3 inches and 27 inches, the velocities will 
be in the ratio of 1 to 3; for it will descend in the 
first experiment through six inches in a second; in 
the next you will find it go through 18 inches in 2 
second. Now the spaces are 3 and 27, or as 1 tog; 
the velocities acquired as 6 to 18, or as 1 to 3. 
Experiments on uniformly retarded motion. The 
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laws observed during the motion of uniformly ac- 
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.celerated bodies, having been made evident to the 
senses by the preceding experiments, I shall now 
roceed to illustrate the properties of uniformly re- 
tarded motion. 5 
, When a body is thrown perpendicularly upwards 
from the earth's surface, it is continually resisted by 
a force which is equal to the body's weight; and the 
weights of all substances being proportional to the 
quantity of matter they contain, it follows, that the 
force which retards the perpendicular ascent of an 
body, being measured by its weight, divided by 
the ascending mass, is the same, being such as de- 
stroys a velocity of 3256 feet in each second of the 
body's motion. But in order to illustrate, by ex- 
periment, the general laws according to which bo- 
dies are retarded by the action of constant forces, 
such methods should be made use of as will enable 
us to apply different resisting forces to the same 
mass of matter, and the same resisting force to dif?/-— 4 
ferent quantities of matter, both of which conditions 
will be satisfied by the instrument now before you. 
A resisting force is to be understood as conveying 
precisely the same idea as the term moving force; 
except so far as regards the directions in which those 
forces act in respect to the body's motion, these di- 
rections being contrary to each other. 5 
If equal quantities of matter are projected in free 
space, with any given velocity, and are resisted by 
different but invariable forces, the spaces described 
before the whole motion is destroyed, will be in- 
versely as the resisting forces. 155 : 
Let the mass projected be 61 m, with a velocity of 
18 inches in a second, and let it be resisted succes- 
sively by the forces m, 2 m, 3 m; the spaces described 


before the motion of the body is destroyed will be 
25.6 25.6 25.6 * ye ho; SR | 
The r these spaces being in the inverse 


ac- proportion to the resisting forces. 


* 
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| Make A equal 244m, B equal 252m; apply to the 

per surface of A two rods, each equal to n; then 
will the weight, A, preponderate and descend by the 
action of a moving force equal n, the whole mass 
moved being equal to 03 . Set the circular frame to 
26.44; then the weight A, by describing from rest 
the space 26.44 inches, will acquire a velocity = 
Been” —3 BD = equal to 18 inches in a second; 


and at that instant the two rods, each equal to m, 


being removed, the weight will continue to de- 


scend with an uniformly retarded motion, which 
will be precisely the same, as if a mass of 61m 
was projected with a velocity of 18 inches in a se- 
cond, in free space, and a force of resistance equal 
to m were opposed to its motion; wherefore A, with 


the other parts of the n wil lose its motion 


2 


gradually, and will describe a Space —_ to _ 


225.6 inches before its motion is entirely destroyed. 
You will therefore have to descend as low as 53 


inches, before it begins to ascend by the superior 


weight of B. 


If any body, moving in a Fi Space uniformly, 15 
resisted by @ constant force, for any given time less than 
that in which the whole motion would he destroyed, the 

Space described will be the difference between the space 

which measures the initial velocity of motion, multiplied 
into a number expressing the given time, and that space 
which the body would describe, if accelerated, during 


the groen time, from quaescence, by a force equal to that 


F resistance. 

Let a mass 033 m, be projected with a velocity of 
e inches 1 in a second; if it be resisted by a force 
equal to 2 m, it will describe 21.95 inches in three 
seconds. To this end, make A equal 20 m, and B 


equal 264 m and apply a flat rod, 13 n, to the 
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upper surface of A; set the circular frame to 11.877 
on the scale, then will A descend, the moving force 


being m, and the mass moved equal 65 m. When 


it has described 11.877 inches, it will have acquired 
a velocity of 11.877 inches in a second; and the 
rod being at that time intercepted, A will begin to 
descend with an umformly retarded motion, and 
will strike the square stage set at 33.83, at the fifth. 
beat of the pendulum, and thus describe 21.95 inches 


in three seconds.“ 


* For the account of various other useful and scientific experi- 
ments, the reader had best consult the excellent Treatise of Mr. 
Atcbood, before cited. | 2 | „ 

This instrument has many other uses, which are not necessary 
to be described particularly here; such as, The experimental esti- 
mation of the velocities communicated by the impact of bodies, 
elastic and non-elastic; The quantities of resistance opposed by 
fluids, as well as for various other purposes; The motion of bodies, 
resisted by constant forces, are reduced to experiment by means of 
this instrument, with as great ease and precision as the properties 
of bodies uniformly accelerated; and, The veritying practically the 

roperties of rotatory motion. The two last are clearly shewn in 
Mr. Atwood's Work. This very useful and illustrative instru- 
ment requires to be well made, and nicely adjusted; to facilitate 
which, Mr. Atwood has given us the following articles: | 

1. The pendulum of the clock, which is fixed to the pillar of 
the instruments, vibrates seconds; it has only one wheel which 
immediately acts on the pendulum : the small weight which conti- 
nues the pendulum's motion, after it has been wound up, is half an 
hour in descending to the ground. The clock will be sufficiently 
exact if it keeps time with a common well-regulated clock for this 


half hour, 


2. The feet of the frame on which the ſrietion-wheels rest, should 
not be fixed immoveably to the frame underneath, because, in order 


do adjust the axis of the wheel, @ 5 cd, horizontal, it will be necessary 


to alter the height of the two anterior or posterior feet, by in- 
serting small plates of wood or brass under them, or by means 
of screws acting immediately on the feet. A hanging level ap- 
plied to the wheel's axle, will shew when the axis is horizontal. 

3. When the axis of the wheel, 45d, has been adjusted hori- 
zontal, let two equal weights, A and B, be suspended from the 
extremities of a silk line of proper length, the thickness of which 
is no greater than is just sufficient to sustain the weights. When 
these weights are perfectly quiescent, a small impulse being ap- 
plied to either, in a vertical direction, will set the whole in mo- 
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Having explained the descent of bodies fallin g 


freely by the force of gravity, it will be easy to 
estimate the force with which they will descend 


down an inclined plane; in which the direction of 
the fall is altered, but the absolute force remains the 
same. 1 


tion; which will be continued uniform till one of the boxes ar- 


rives at the extremity of the scale. When the box, A, is at the 


bottom of the scale and quiescent, it must be observed whether the 
middle line on the scale is every where exactly opposite to the 


line sustaining A; or, in other words, whether the line in the 


middle of the scale is in the same vertical plane with the line which 
sustains A. If it is not, the lower extremity of the scale must be 


moved along the arm of the base until the adjustment is correct. 
It is also to be observed, whether the line is every where at equal 
perpendicular distances from the middle line on the scale: if it is 
not, the upper extremity of the scale must be removed further from, 


or nearer to the silk line, until the distances are every where 


equal. The middle line on the scale will now be vertical, and the 


centrally through it, when the adjustments are correct. 
4. The wheel, 4 bed, previous to this adjustment, should weig 
something more than six ounces, provided the figure of the wheels 


be not very different from those represented in the plate. In the 


circumference of the wheel, a bed, a small groove should be cut 
and well polished, to admit the line which goes over the wheel and 
sustains the weights A and B. | ee) 


circular frame must be so constructed, that the box, A, may pass 


5. The weight of the wheel, ab: d, must be 80 adjusted, that the 


resistance to motion of its inertia, with that of the friction-wheels 


shall be equivalent to 24 ounces. This may be effected by winding 
a very slender line round the wheel, and applying to the extremity 
a weight of 30 grains: let the square stage be fixed to the scale of 
3833 inches, and let the weight, 30 grains, begin to desoend at any 


beat of the pendulum from O on the scale. If it describes the 383 


inches in less than three seconds, the wheel is too light to admit of 
the experiments being made according to the numbers used in this 
section. Suppose, then, the weight to be more than three seconds 


in describing the 383 inches from the rest: the wheel's weight must 


be gradually dimigished until the time of descent is exactly three 


seconds. It is however to be noted, that in first mak ing this ex- 
periment for the adjustment of the wheel's weight, the line wag 


EL 


EEO ² Q Oy  E,. * _ = 


must consider 


beparated and packed in a portable and convenient manner. 
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All bodies endeavour to fall by the shortest course, 
that is, perpendicular to the earth. When a body 
is withheld from obeying the impulse of gravity, it 
is evident, that it is prevented by some obstacle 
which resists its natural tendeney to descend. When 
bodies, thereforę, fall down inclined planes, you 

— as obeying the usual laws of 


wound round the eylindrical surface of the wheel's circumference, 
no groove having been at first found necessary. When a groove is 


cut, the line must no longer be wound round the wheel, for reasons 


too obvious to need mentioning: in this case, therefore, the adjust- 
ment of the wheel's weight, is to be obtained by another method. 
Instead of the weights A and B, let the weights, 48 grains and 


24 grains, be suspended from the extremities of the line which goes 
cover the wheel a bed, and set the. square stage at 30; then letting 


the weight, 48 grains, begin to descend from O on the scale at any 
beat of the pendulum, observe the time of its describing the 30 
inches as measured on the scale: if the time of descent should be 


less than three seconds, the wheel is too light: suppose, therefore, 


the time to be greater than three seconds; the wheel's weight must 
be gradually diminished until the time of descent is precisely three 
seconds. When this adjustment is correct, the resistance from the 
wheels inertia including that of the friction-wheels, will be exactly 
the same as if those wheels were removed and the mass 24 oz. was 
uniformly accumulated in the circumference of the wheel to which 
the line is applied. Dk 5 | 

0. Great attention should be paid to the adjustment of the 


weights used in these experiments, as a very small error, such as is 


gcarcely perceivable in each, will tend greatly to affect the exactness 
of the experiments in which many weights are used, 

7. In letting the box, A, begin to descend at any beat of the 
pendulum, the observer must not wait until he hears the beat, at 
which he intends A's descent shall begin; for, in this case, As 
descent will always commence too late: the proper method is to 
attend to the beats of the pendulum, until an exact idea of their 
guccession js obtained; then the extremity of the rod being with- 
drawn from. the bottom of the box, A, directly downwards at the 
instant of any beat, the descent will commence at the same 
instant. | ; | | 

The wheels and their mahogany basis are separated from their 
stand, and, with the various weights and other apparatus, pack 
into a small mahogany case. The scales, C, C; the ring, H; the 
stage, D; the pillar, G; and clock, E, are also made so as to be 
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gravity, as ; Sendendiong with an uniformly accelerated 
motion, but having the direction thereof changed, 
and the line of descent lengthened. Z | 

If the plane on which the body is [placed be 
either perpendicular or parallel to the horizon, the 
_ direction of the line of descent is not changed: 
when the body 1s on a plane parallel to the horizon, 
it finds an invincible obstacle to its descent: when 
the plane is perpendicular to the horizon, it will fall 
freely, according to the laws already explained. 

But when the plane is inclined to the horizon, it 
opposes in part the descent of the body towards the 
earth. 

Those bodies which descend on an inclined plane, 
have an absolute and relative gravity. 

Their absolute gravity is the force with which they 
would descend perpendicularly to the earth's surface, 
if their fall were impeded by no obstacle; their rela- 


tive gravity is this same force diminished by the re- 
sistance of the plane. 


'The line AB, plate 1, fe. 14, perpendicular to 
the horizon, is called the eight of the plane ; the 
oblique ſine, AD, is the length of the plane; the 
line BD, parallel to the horizon, is the base of the 
plane; and the angle, ADB, that the plane makes 
with the horizon, is called the angle of inclination. 

If a body falls freely from a State of rest the length 
of an inclined plane, AD, 1. Its motion will be uni- 
Formly accelerated. 2. The velocity it acquires in its 
descent, is to that which it would have acquired in tlie 
same time, falling freely and perpendicularly, as the 
 keight of the plane is to its length, * 
| Let C be a body placed on an inclined hs the 
action of gravity would cause it to descend in the 
line C G, or line of direction perpendicular to the 


earth: this line, — represents the absolute 
force of gravity. 


- 
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Resolye the line, C G, into two forces; one, CF, 
perpendicular to the inclined plane; the other, 
CH parallel to 1t. 'The line, CF, will represent 
that part of gravity which is destroyed by the inclined 
plane, or by which the body 1s prevented from fall- 
ing; and the line, CH or F G, will represent the 
remaining force, or the relative gravity which acts 
on the body to make it descend. 1 5 

The force, therefore, which acts on the body to 
make it descend, is to the absolute force, or that 
which would cause it to fall freely and perpendicu- 
larly, as FG to CG; or the triangles, ABD, CFG, 
being similar, as AB to AD: and since, in whatever 
place the body is situated, the triangle, C G F, is the 
Same, it is plain, that at every instant of the descent, 
the force, F G, which causes the body to descend, is 
the same, or constant; and the motion produced is 


therefore uniformly accelerated, and will accord with 


the laws thereof. 
As the motion of a body down an inclined plane 


is uniformly accelerated, in the same manner as the 


motion of a body falling freely, it follows, that at the 
end of any given time, the velocity acquired must be 
as the accelerating forces: but these are as the 


height of the plane to the length; and, consequently, 


the velocities acquired at the end of any given time, 
must be in the same proportion. 

It follows from hence, hat the force which causes 
the descent of a body on an inclined plane, is only the 


force of gravity diminished in the ratio of the height of 


the inclined plane to its length; that the velocities ac- 
quired are as: the times, and follow the progression 
of the ordinary numbers 1, 2, 3, 4, 5; the spaces de- 
seribed from A, are as 1, 4, 9, 16, &c. the spaces de- 
scribed in each interval, are as 1, 3, 5, 7; and, lastly, 

the space described in descending from A to D, is but 
half the space the body would bave described in the 
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same time, moving uniformly with the velocity the 
body had acquired at D. 


A little reflexion, independent of geometry, will 
render the subject clear to you, and may perhaps be 


more agreeable. The plane opposes the perpendicu- 

lar descent of any body, and, consequently, diminishes 
its absolute gravity only in proportion to its ineli- 
nation: for, if it were perpendicular to the horizon, 
it would not resist at all the fall; but the more it 


is inclined, or the less the perpendicular height in 


proportion to its length, the more the body is sus- 
tained by the plane, and the less is its relative gra- 
vity; consequently, the relative gravity of the body is 
to its absolute gravity, as the 1 of the plane to 
its height. 

If the angle of inelination becomes a right angle, 
the relative gravity becomes the same as the abso- 
lute. 

If there is no n the relative gravity be- 
comes O, and the body has no tendency to move on 
the plane. If the angle of inclination is infinitely 
small, the relative gravity will be also infinitely small, 

increasing with the angle of inclination. 

F from the point B, plate 1, fig. 14, a perpendi- 
cular, BK to AD, FI arawn, AK will be the pace 
described by the body C, in the time it alt havs 
fallen freely from A to B. 

For, on account of the right angle at B, it 1s 
proved, by the rules of geometry, that as AK is to 
AB, so is AB to AD; that is, AK: the space de- 
scribed by the body in descending from A to K, is to 
AB, the space it would have described in falling 
freely 3 in the same time from A to B, as AB, the 


velocity acquired by the body in descending from 


A to P, is to AD, the velocity it would have ac- 
quired in falling freely during this time. 


But the velocity acquired by the body C, in 1 


scending from A to D, is to that nich! it would have 
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quired in falling freely during the same time as 
AB to AD; therefore, while the body, C, falls from 
A to K, it would have fallen freely from A to B; or, 
in other words, AB and AK are the e that it 
describes in the same tine. 

Croll. If a body be, therefore, at any point, Ky 
of an inclined plane, and the space be required that 
it would have described in the same time from A, you 


may find it by letting fall a perpendicular from AD 
to cut AB, which will give the required point. 


Coroll. A body takes up as much time in describing 


ne length of the F, AK, plate 1, fig. 15, of a 


circle, as to fall freely From a state of rest, the "Jen oth 
of the diameter AB: for joining K B, the — 
AK B, will be a right angle, and the line, AK, wilt 
represent an inclined plane; and therefore, from the 
preceding article, the spaces A K, A B, ought to be 


described in the same time. 


Therefore the times of A on the chords of a 


Same circle are equal; and if A, plate 1, fig. 15, is 
the point of contact common to an circles, bodies 4 


ccending in the same time the length of ile chords A K, 


AD, A B, AE, will describe in vgl limes the parks | 
kK, d D, b B, e E. 
Two bodies setting out at the same time from the 
same point A, and descending on planes AD, AM, 
plate 1, fig. 14, differently inclined, required the 
space of the body descending on AM. When the 
body descending on AD is at K, raise the perpen- 
dicular K B, and from the point where it meets the 
vertical, AB, let fall the perpendicular BL on AM, 
and L will be the point sought. . | 
The time a body employs m 8 an b 
Plane, is to the time in which it would fall perpendicu- 


larly the same height, as the length of the plane to the 


height of it, That is, the time a body employs to 
— from A to D, is as much longer than the time 
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it would fall perpendicularly form A to B, as AD is 
longer than AB. 

We have shewn that AK + AB f: AB AD; 
from whence it follows, by geometry, that AK is to 
AD as the square of the first to the square of the 
second. 

Lou may illustrate this NA ER by numbers: 
3 is to 6 as 6 to 12; and 3 is to 12, the third, as g, 
the square of the first, is to 36, the square of the 
second; for as 3 is contained four times in 12, 80 is 
9 in 36. This being premised, we may find what 
proportion the time of descent, through a part of 
the plane AK, bears to the time of descent t rough 
the whole plane AD. | 5 
Prom the laws of uniformly jooelerithd motion, 
we know that the spaces described are as the squares 
of the times in which they are described; conse- 
quently, as AK is to AD, so is the square of the 
time in which AK is described, to the square of the 
time in which AD is described: but the square of 
AK is to the square of AB, as AK to AD; there- 
fore the time of descent through AK, is to that 
through AD, as AK to AB; but AD is to AB, as 
A to AK; consequently, the time of the body i in 
descending through AK, is to the time of the des- 
cent through AD, as AB, the height of the plane, 
to AD, the length of it: but, since a body employs 
the same time in descending through AK as through 
AB, we conclude that the time of the perpendicular 
descent through AB, is to the time of the oblique 
descent through AD, as the height of the plane is 
to the length of it. 

Hence we conclude, that the time employed to 4 
cend the length of any number of inclined planes of the 
same height, are to one another as the length of these 
planes; for AK is to AB, as the time employed to 
descend from A to PD, is to that employed to descend 
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from A to B. By the same reason, AM is to AB, 
as the time in descending from A to M is to the 
time spent in going from A to B; therefore the 
time employed to descend from A to D, is to that 
employed to descend from A to M, as AD to AM. 
The velocity acquired by a body falling perpendicu- 
larly the height of an inclined plane, AB, plate 1, 


fig. 14, is equal-to the velocity acquired at the end of 


the descent by a body moving down the inclined plane 
from A to D. e Td fan 74 
For, the accelerating force of a body falling freely 


from A to B, is to the accelerating force of a body 


moving along the plane AD, as AD to AB; but 
as AB is to AD, so is the time of the fall from A 
to B, to the time of the descent from A to D; s0 
that the forces which accelerate the motions, are 
to one another reciprocally as the times that they 
continue to act; consequently, at the end of those 
times the velocities must be equal. ä 
Or, in other words, the force of gravity, by which 
a body falls perpendicularly from A to B, is greater 
than the force by which it descends from A to D; 
but this last force acts so much longer as it is 
weaker, and therefore will in the end produce an 
equal effect or velocity. ͤ „ 

Consequently the velocities acquired by bodies 


falling down inclined planes are equal, when the 


heights are equal. LIED! 

a body descends down several contiguous mclined 
planes, AB, BC, CD, plate 1, fig. 17, the velocity 
which it acquires in its descent from A to D, is equal to 
the velocity acquired by the perpendicular fall from A 
to D, on a Supposition that the body is not disturbed by 
any resistance it meets with at the angles B and C. 

Draw the horizontal lines, H E and D F, through 
the points A and D, and produce the line C B and 
DC as far as G and E. TR 
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By the corollary of the last proposition, you knoty 


that the same velocity is acquired at B, by a body 
descending from A to B, as in descending from G 
to B; consequently, the same velocity is acquired in 
the point C, by a body descending Lom A through 
B to C, as in descending from G to C. But the 
velocity acquired in descending from G to C, is 
equal to the velocity acquired in deseending from E 
to C; wherefore the velocity in the point D, ac- 
quired by the descent along the three planes, AB, 
B C, and CPD, is equal to the velocity acquired by 
the descent from E to D, which velocity is equal to 
the dee acquired by the e fall from 
H to D. 

It follows from hence, that as a body descends 
through an arc of a circle, or any other curve, it 
will have acquired, at the end of its descent, a yelo- 

city equal to that it would. have acquired by falling 
the perpendicular height of the arc. 


For curves may be looked upon as composed of 


If a bod 
cends perpendicularly from the same height, their 

velocities will be equal at all altitudes. 
If a body, after its descent in a curve, boni be 
directed upward with the velocity it had gained, it 
will ascend to the same height from which it fell: 
for gravity acts with the same force, whether the 
body ascends or descends; it will therefore destroy 
the velocity in the ascent, in the same time it did 
generate it in the descent. bes 


an infinite — of right lines. 
y 


The velocity of a body descending in any curve, 


is as the square root of the height fallen from; for, 
it is the same as in falling perpendicular, and in 


falling perpendicular it is as the square root of the 


te 


scends in a curve, and another des- 
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is 
E | nave now to notice some things relating to heavy 5 
C- bodies, the knowlege of which is highly necessary 
B, for rightly understanding mechanics. 
Jy In every body there is a certain point, usually 
to termed by the writers on mechanics the center of 
m gravity: the nature and properties of this point are 
now to be explained. 
ds The center of gravity is that point in any body, 
it about which all its parts, in every position, are in 
o- equilibrio, or ballance each other. 
Wea But as the parts of a body are in cas about 
this point, if this point be supported, the whole 
of body will be at rest. By supporting, therefore, this 
point, the weight of the whole body is supported; 
8— we may, therefore, consider its whole weight as cen- 
ir tered in this point. Hence mathematicians, by the 
Place of a body, often mean that point where the 
)e center of gravity 1s situated. 
it If I take this walking-cane, and attempt to bal- 
- lance it across my finger, I shall at last find some 
1e one particular part in it, which being supported, 
y neither of the ends will preponderate. The part 
id which rests upon my finger is the center & its 
| weight; this being supported, the whole is sup- 
8 ported. If I remove my finger from this center of 
r, gravity, towards either of the extremities of the 
in cane, though but the smallest distance; that side in 
E 2 the center of gravity is, will Sink towards the 
cart x 


Here is a triangular piece of W gr ; * 22, 


Supported by an axis "powng OW the center, Gy 
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of gravi ty , and you observe that it will rest in any ; 


position I place it, whether the side be perpendi- 


cular, parallel, or inclined to the horizon. 
All bodies by their gravity tend towards the cen- 
ter of the earth, and that by the shortest way, unless 


* 


they are hindered by some obstacle opposed to this 
tendency. _ | | 


But gravity. acts upon bodies as if their whole 
weight was collected in the center of gravity. It 
7/ 


follows, therefore, that his center wi 
endeavour to descend towards the center of the earth; 


and where all. obstacles are removed, does actually 


— IE 85 

But the effort of gravity is in lines perpendicular 
to the horizon; therefore a body will not rest, except 
the center of gravity and point of suspension are in 


the same vertical line. 


A body suspended freely by the center will not rest, 


unless the center of gravity and point of suspens10n are 
in the same vertical line. N 


In every other position, gravity is continually act- 
ing to make the body descend; but when the point 


of suspension is in the same vertical line with, or 


directly opposed to the center of gravity, the action 
3 the weight is destroyed, and an equilibrium takes 
Pre. — 
Keciprocally, whenever a body is in equilibrio, 
we may conclude its center of gravity is supported 
in a vertical line. 5 P 
| This will be rendered more evident, by consider- 
ing that gravity acts in a direction perpendicular to 


the horizon, and the whole weight of a body being 
collected into the center of gravity, that point will 


always endeavour to descend in a vertical line, and 


with a force equal to the body's weight: for this 
reason, a vertical line passing through the body's 
= | center of gravi LY, 1s called the line of direction. 


continually 
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When the line of direction does not pass through 
the center of suspension, the body's weight may be 


resolved into two forces; one of which impels the 


center of gravity directly from the center of suspen- 
sion, and is wholly counteracted, because the center 


of suspension is fixed; the other force, acting in a 
direction perpendicular to the former, and having 


no counterpoise, urges the center of gravity, in the 


direction of a tangent to that circle which that point 
describes about the center of suspension. 
If a body be suspended by a line from a fiued cen- 
ter, it will be at rest only when the line coincides 
with a perpendicular to the horizon, An instrument 
of this kind is called a plumb- line, and is of very ex- 
tensive use, both in philosophy and the mechanic 


arts. By means of this line, the vertical direction, 


and the horizontal plane, which is perpendicular to 
it, are precisely determined. The same may be 
effected by the spirit-level; but the plumb- line has 


the advantage of requiring no adjustments; whereas 


the exactness of the level depends on the position of 
the points from which the level is suspended, or of 
the base on which it rests, in respect to the upper 
surface of the tube. It is, besides, liable to some 
imperfections, from which the plumb- line is fre. 
Let us now illustrate the foregoing positions by - 
experiment. JJ Dh dS 25 ne 
\ 1. I 8uspend this round board, plate 2, fg. 2, on 
the points of the calipers A, in such manner, that 
the center of gravity coincides with the center of 
motion; and in this instance, the body being both 
of a regular figure and of an homogeneous sub- 
Stance, the center of gravity 1s exactly in the middle 
thereof, It will remain in any position in which I 
stop it; and on turning it round, the marks made 
thereon describe circles round the center of motion, 
which is here also the center of magnitude. 
Se 9 „ e | 
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25 1 wh: the same board by another eenter, 
plate 2, fig. 3; and you will now find the board wil 
not remain at rest, unless the center of gravity, G, 


is directly under or directly above the center of 


motion. Here the points, K and L, still describe 


circles about the center of motion, but the center of 


magnitude is not now their common center. 

3. Here is a similar body, plate 2, fg. 4, which 
is made denser in one part, by fixing a piece of 
lead, M, therein. In this case the center of gravity 
is no longer at the center, C, of the board, but at 
K; about which point only, as a point of suspen- 
sion, the body will remain in any given position. If 
it be suspended by any other center, it will only be 
at rest when the piece of lead, M, is 8 under 
K, or directly over it. 

From what has been e it appears, that if 
4 body be suspended freely from different centers, its 
center of gravity will be in the intersection for ts th by 
lines drawn from Those centers perpendicular to 15 
horizon. 

Hence we obtain an easy mere method of 
finding the center of gravity of any irregular plane 
figure: suspend it by any point with the plane per- 
pendicular to the horizon, and from the point of 
suspension hang a plumb-line, and draw a line upon 
the body where the string passes over; do the same 


for any other point of suspension, and where the 


two lines meet must be the center of gravity; for, 
the center of gravity being in each Une, it must be 
at the point where they intersect. 

Thus, suspend the body AB, plate 2, * 6, bose 
center of gravity is to be found by any part A, 80 

that it may move freely on that part; let a plumb- 
line hang from the pin on Sic it is suspended; 
mark this line upon the body, and then suspend it 
by another mo” as F, FR 2, fig. 5, and hang the 
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plumb-line on the point from which it is now sus- 
pended, and the line drawn by the plumb-line will 
intersect the line AB in C, the center of gravity. |, 
Similar to this is the following mode of finding 
the center of gravity mechanically. Place a board 
of equal thickness on the sharp edge of a triangular 
prism, so that it may be in equilibrio on the upper 
edge, and then whatever bodies are laid upon tbe 
board in such manner as not to alter its equilibrium, 
must have one plane of the gravity directly over the 
edge which supports the board. If the position of 
the body be changed without destroying the equili- 
brium, you will obtain another plane of gravity: the 
intersection of these planes gives a line or axis, in 
which is the center of gravity. The bodies may then 
be placed in a third position, so as to find a plane of 
gravity, which shall cut the other planes in a large 
angle, and the intersection of the three lines will be 
the center H Fũ tt. 8 
Thus you may find the center of gravity of the 
human body, or of any animal. With respect to 
the human body, it, is observable, that whether a 
man be fat or lean, of even in a skeleton, the center 
of gravity is always near the same place, in the pelvis, 
between the hips, the ossa pubis, and the lower parts 
of the back-bone. Raising up the arms and le 
will raise up the center of gravity a little; but still it . 
is always so placed, that the limbs move freely round 
it; the center of gravity at the same time moving 
much less than if it was in any other part of the 
IE ook vo in og 2 1 
Tf body be placed upon an horizontal plane, and 
the line of direction passes within the base, it will stand; 
if it pass without the hase, it will fall. 
While the line of direction passes through the 
base, the weight of the body keeps it down with 
force against the surface on which it rests; but when. 
the line of direction passes without the base, the 
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is now IE by the 5 8 


n N 
9 


enter of g vity | loses its support, and the bo 
until this center is sustained. . 
Thus, the inclining body ABCD, plate 2 ; Py 7, 
whose center of gravity is E, Stands firmly on its 
base CDI K, because the line of direction, EF, 


falls within the base. 


If a weight, AB G H, be laid uf n the top of this 
body, the center of gravity of the body with the 
weight is raised to I; and as in this state the center 
of gravity, I, is not supported, the whole tumbles | 
down together. 

From hence you may perceive, how absurd it is 
for people to rise hastily in a coach or boat, when 
it is likely to overset, for by this means they raise 
the center of gravity vity so far as to endanger throwing | 
it quite out of the base; if this be done, the vehicle 
will be effectually overset, whereas by keeping as 
close to the bottom as possible, they would bring 


the line of direction farther within the base, and 
ö EY prevent the carriage from being overset. 


The broader'the base is, and the nearer the line of 


direction is to the center, the firmer will the body 


stand; on the contrary, the narrower the base, and 
the nearer the line of direction to the edge thereof, 
the more easily may the body be overthrown. 

Upon this principle, a body which would fall off 
the table of itself, will not fall off, although you 
place a weight upon the part which does not rest 
upon the table, provided you by that means throw 
the center of gravity of the'whole under the table. 

I place this piece of wood, plate 4, fg. 1, upon 


the table, with the part, B, from the table, and s0 


that the point, e, may be over the edge thereof; it 
falls off because the center of gravity is not sup- 


| baden but by fixing the two wires, BE, Fg, with 


eaden heads Fra the board at B, it is supported, 
because the center of gravity of all the three. bodies 
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From hence you learn how to ballance a body 
resting upon a point on its under side; this is of. 1 
fected by suspending a weight from each end; for, 
by this means you bring the center of gravity below 


the point of suspension, it brings itself to the lowest 


point where it rests: whereas, before the weights 


were suspended, the center of gravity was above the 


point of suspension, and unless it had been exactly 
over it, which it is very difficult to accomplish, it 


would descend, and the body must fall. 


Various contrivances are executed that take their 
rise from this principle, that the center of 7 
always tends to the lowest point possible. In France 


they make use of an odometer, or coach way-wizer, 


which is fixed between the spokes of one of the 
wheels; the moving power in this machine is a 
wheel loaded on one side with a weight, turning 
freely round with its axis, the center of gravity being 
below the axis on which it turns. The center of 
gravity in every position keeps the lowest point, 80 
that the arbor and wheel turn once round for every 
revolution of the wheel; the arbor is properly con- 


nected with a train of wheels and pinions, so as to 


register the revolutions of the coach-wheel. 

Upon the same principle are also deduced the 
modes of suspending the marine barometer, com- 
passes, &o. The toy, called a Chinese tumbler, acts 


also upon the same principle. 


It is also on this principle that a double cone ap- 


pears to roll up two inclined planes, forming an 


angle with each other, and lying in the same plane; 

for, as it rolls, it sinks between them, and by that 
means the center of gravity actually keeps descend- 
ing. To effect this, the height of the planes must 
be less than the radius of the base of the cone. If 


the height be equal to the radius, the body will rest 


in any part of the plane; if the height be greater 
than the radius it will descend. . 
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The two rules, / AB, C D, plate 25 Ig. 8, are 
5 together by an hinge at one end; the lower 
sides are straight, on the upper sides one end is wider 
than the other, so that when opened, and raised by two 
screws, they form two inclined planes: I place the dou- 
ble cone, EF, near the ends, and you see that as soon 
as I let it go, it begins to roll towards the upper end of 


the planes, and thus apparently to ascend; the parts of 


the cone that rest on the rules growing smaller as they 
go over a larger opening, and thus letting it down. 

A cylinder may also be made to roll up an in- 
elined plane for a small distance; if it be loaded near its 
circumference with something heavier than itself, and 
that part be laid towards the top of the plane, then, 
the center of gravity being out of the axis towards that 
part, it will ee whilst the 5 rolls upwards. 

If the line of direction of a body placed on an in- 
clined plane fall within the base, the bogy will slide 
doom the plane. 

Plate 1, fig. 20, let Ad be the 1 thine, 
R the. body, ” the line of direction. Now, the 
force of gravity represented by c |, being greater 
than the force ce, which retains it to the plane, it 
must therefore either slide or roll down the plane; 
but it cannot in this instance roll, because to effect 
this, the center of gravity must rise; which it can- 
not do; the only method therefore it has to descend, 
is by sliding down the plane. 

ile line of direction of a polyhedron, S, plate 1, 
fig. 20, placed on an inclined plane, passes without 
_ base, and the friction of the surfaces be. eafficiently 
great, the body will roll, down the plane. 

If CK represent the absolute force of gravity 
acting on the polyhedron, CE a perpendicular to 
the inclined plane, represents what is supported by 
that plane, or what the plane destroys 5 CE; and 
CF parallel to the plane, what remains of the force 
of grayity, or its relative effort, Now, as motion 


- 
18 ly produced by and in the direction of 85 re- 
lative force, the polyhedron tends by the force, 


CF, to slide down the plane A B; but meeting with ; 


2 resistance from friction, which resistance acts as a 
force in the direction E G, it destroys in part the 


motion according to CE. and produces at the same 
time a rotatory motion, which causes the polyhedron 
to roll. The line of direction, CK, falls without the 


base, B E. 
If the friction 32 be to a certain 40 


the body will descend partly by rolling and c 


by sliding; if it were possible to remove friction 


entirely, it would descend N 9 2 9 any 


rotation. 
It may seem at the first view rather surpriziug 


that a sphere should descend along an inclined plane 
vithout rolling; but it is certain that there is no 


force to produce the rotation, except that which 


arises from the friction of the surfaces, which being Sf 
entirely removed, the sphere must slide. ; | 


As the component parts of any body are subject 


to the force of gravity, and therefore have weight, 


any body may be considered as a system of small 


bodies so connected as to form one; and conse- 
quently, if several bodies are united in a machine, or 
several combinations of bodies to be sustained, no 
attention is to be paid to the center of gravity of the 
several parts which make the system, but only to the 


center of the whole. 


If a rod or beam be so constructed, that the line 
drawn through the center of gravity and suspension 
shall be perpendicular to any given line in the rod 
(for example, that which passes along its upper sur- | 


face), the rod hanging freely on its axis of suspen- 


sion, will not be at rest except when that given line | 


is in an horizontal position. 


Suspend this triangular piece, plate YL, fe. 22, by 
| the center, a, and when it has ceased ribrating, | 
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2 vt kad the side which is perten to a 


ne drawn through the center of gravity and suspen- 
sion is in an horizontal position. 


That this must happen is evident, because the 


- horizontal position, under the circumstances here 


described, is the only position in which the line of 


direction passes through the line of suspension. 
Upon this principle the ballance, by which the 
e of bodies are ee is e 
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be center of gravity « of any line is its middle 
point. 
The center of gravity in . uniform, and 
homogeneal solids, is at the center of its figure. 
For, if from all the points on one side of the sur- 


face of this solid, lines are drawn through the center 
to the opposite eide, these lines will be divided into 
two equal parts by the center; the two parts of each 


line are equal, and of equal weight, and conse- 
quently the whole solid will be in equilibria, about 
that figure. 

The center of gravity. of the url of a sphere, 
or regular polyhedron, is the center of the figure; 
that of a prism or cylinder is in the middle of the 
axis that passes through * center of gravity of their 
| opposite . , 

IJ 0o0o find the center of gravity of the surface of a 
triangle ABC, plate 1, fig. 19, bisect any two of 
its sides in D and E, draw lines from the opposite 
angles to the points, and the center of gravity 


will be in the intersection of the lines F; ſor EA 


bisects all the lines drawn parallel to BC, which 
constitute the surface of the triangle, therefore it 
passes through the center of gravity of each line, 
And for the same reason 'D C passes throv gh them 


ps also. 
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A similar reason proves, that the center of gra- 
vity of a regular polygon, whose number of sides 
is an odd number, is 130 same with che center of the 
figure. 1 HG | 

The center of ul of a langls 6) a Sand. 
by taking two-thirds of the line drawn from any one 
of 1 its TOE to the middle or its e Sides: 


10 FIND THE CENTER OP GRAVITY. or A 
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Find the center of gravity of the two Hinges 
formed by a diagonal, and join them by a straight 


line; find and join also by a straight line the center 
of gravity of two triangles formed by another dia- 


gonal; the intersection of these two lines will be the 
center required. 

By the same means we may easily find is center 
of gravity of any polygon. 
Divide the polygon into as many triangles "EYE two 
as it has sides, find the center of gravity of each 


triangle, and then considering these centers as so 
many bodies, find the common center of the whole 


NW. 
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1 is evident, 18t. That the elements of a pyramid 


are polygons similar to the base, and similarly situ- 


ated, whose dimensions decrease in an arithmetical 
progression from the base to the summit; eren 1 
the straight line which goes from the center of gra- 
vity of the base to the summit, will pass through | 

the center of gravity of all these elements, and con- 


sequently by that of the pyramid. 2d. If the py- 


ramid is triangular, each face may be taken for the. 
base, and the 5 4 angle for the summit; whence 


center of gravity of all its parts; an 
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it ſollows, chat the center of gravity of a triangular 
pyramid SABC, plate I, fg. 21, is at the inter- 
section of the two right Re SF, A F, drawn from 
the two angles 8, A, to the centers of gravity of the 
opposite faces, or two-thirds of the length of each 
a Tit SD, AD, drawn on the plane of the opposite 
face from the angles S, A, to D, the middle point of 
the side of the base opposite to these angles. 

The center of gravity of a cone or pyramid is 
three-fourths of touxia, recon Om the summit 
or vertex. 

For the center of gravity of the sector of a circle, 
say, as the arc to its chord, so is two thirds of radius 


to the distance of the center of ai from that of 


the circle. 

For an arc of 1 a eilele, as one-half the arc to the 
sine of one-half the arc, so is the radius to the dis- 
tance of the center of gravity from the center. 

"Thus in bodies that are of uniform density, and 
at the same time admit of geometrical mensuration, 
the position of the center of gravity may be ascer- 


tained by theory; but if they be wholly baer, re- 


course must be had to experiment. 

As any body considered in mechanics is only an 
aggregate of several other bodies or parts, so the 
center of gravity of a Body is only -the common 


consequently, 
if several bodies are united in any machine, or if there 


be any combination of bodies to be sustained, we are 


no longer to-regard the particular centers of gravity 
of the compound, but only the COMMON beter of 


- gravity of the whole. 


Thus a windmill ad be cupporied under 1 


common center of gravity of all its parts, and its line 
of direction should coincide with the axis of the post 
round which it moves; and a crane on a wharf or a 


dock, where the who e machine turns round, should 


haye the line of direction i in its axis. 
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5 Let dhe line AB, Wer 1, fg. 23, represent an 
even rod or wire divided into two equal parts at the 
point c, its center of gravity will be at e. If two 
equal bodies be fixed upon the ends thereof, so as to 
have their centers of gravity at the same distance 
from e, they will be in equilibrio about the said 
point, which will become their common center of 
gravity, and continue so, whether the bodies ap- 
proach to or recede from it, in proportion to their 
masses. 

The same will bappen if the bodies are unequal, 
as A and b, plate 1, fig. 24, whose masses are to 
each other as two to one, provided the greater body, 
at A, be twice as near to the common center of gra- 
vity as the lesser, b; and c will be the common cen- 
ter of gravity of those bodies, though they should 
move to immense distances from each other, provided 
their distances from the said point are ee as 
their masses. 

So that when two bodies approach to or 900 
from each other with velocities reei rocally propor- 
tional to their masses, their center of gravity will re- 
main at rest. : 

If the bodies be made fast upon the wire, and the 
center of gravity be sustained on a pivot, it will re- 
main at rest though the bodies revolve round with 
the utmost velocity; and the bodies will describe si- 
milar circles about it and about each e the one 
never overpowering the other. os 

If they be carried forward in any manner 1 any 
external force acting upon them in proportion to their 

_— their center of gravity will go forward uni- 
rmly in a straight line, and be moved just as if the 
_ bodies were united into one at that center; and 
if they be projected, their center of gravity will 
move in the same curve as other projectiles, which 
is eyident by the motion of an arrow, of chain- 
shot, and of a stick thrown from the hand, the 
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center of gravity of cbese bodies mov ing like a  ingſe ö 


ball. | 
80 tho: the BORE 5 in 3 motion wund 5 


; the sun, do neither of hon describe the real re- 


gular: orbit, but it is described by their common center 


F gravity in the same manner as if they were both 
united in that point, or in the same manner the earth 


is supposed to do when these inequalities of mo- 


tion are overlooked; and if their distances from 


the common center of gravity be reciprocally pro- 
portionable to their masses, their distances from each 


other may be greater or less in _—_ proportion. 


If to the two bodies A and B, plate 2, fig. 0, 
there be added a third, IP equal to one of the 
other, let A and B be 3 to their common 
center of gravity, and be considered as a body equal 
to both placed at C, then the common center of gra- 
vity of C and D will he found at K, as much nearer 
to C, as the mass of the body or bodies, at C, ex- 
ceeds that of the body at D. If the new body 
weighed but half as much as the others, it must be 
removed to d, so as to have the distance, K d, quad- 
ruple the distance K, C. Now, if CD be a wire, 


and it be supported under K, the three bodies, 


whether D or d be used, will be thereby sustained. 
In taking the center of gravity at K, we consider 


the wire as a mathematical line . vubetance or 
weight. 


If these three bodies, united to or acting upon 


one another proportionably to their masses, be car- 
ried round their common center of gravity, that 


point will be at rest. Hence also in our system, 


where the sun and all the planets move round their 

common center of gravity, that center is at rest 
in the middle of the system. The sun is, on ac- 
count of its vast bulk, &c. compared with the other 


planets, considered 1 in you: as the cen ter of the 
8ystem. ©  _. 


7 


. 


be considere 
or motion, in any direction, as it it were so situated. 
Thus, let us suppose A and b, plate 1, fg. 24, to be 
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| Though the center of gravity of a body, ar of a) 
| Osten of bodies, is often neither within the body 


itself, nor a 4 of the combined bodies; yet it is to 
with respect to its support, descent, 


at the distance, A b, from each other, _ that Ab 


is no longer a wire but a line representing their 5 
distance, we shall then find their center of gravity, | 


at c, without the bodies; and if, instead of a wire 


CD, Plate 2, fig. 9, we suppose D joined to A and B 


by. the wires A D, B D, the center of gravity, K, will 
be neither in these bodies nor the wire; 80 that to 
support them you must sustain some part of the 


wire, as G, which being made the center of mo- 
tion, the center of gravity will be under it; or if we 


support the point H, the bodies will be at rest, 
cause the center of gravity is over H, the center of 


motion. 


In the ring AOBE;, plate 2, Fe. 10, the center 
of gravity is in no part of the ring, but may be sup- 


ported by any other point, O or E. Thus the center 


of gravity of the ring of Saturn is within the body of 
the planet; and though the common center of 


vity of the sun, moon, and earth, is within the body 


of the sun, yet the common center of gravity of the 


moon and earth is in neither of the bodies, but be- 


tween them. 


When any number of bodies move in right lines 


with uniform motions, their common centeriof g 


vity moves also in a right line with an unit 3 
: motion; ; and the sum of their motions, estimated 
in any given direction, is precisely the same as if 
all the bodies in one mass were carried on with 
the direction and motion of their common center of 


gravity. - Þ | 


For the sum of the motions of the aalen ee 0 
in any. given direction is preserved invariably. the 
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same in their collisions, without being affected b i 


their actions upon each that are equal and mutua 
and have contrary directions; ids consequently, 
their center öf gravity is no ways affected by their 
collisions on any such actions, but perseveres in a 
state of rest or uniform motion, as any one body per- 
severes in its state til Wen nd some 4 
_cireumstance. 


'The name oystent does not belong properly to any | 


anebumested assemblage of particles, but can only 


be applied with propriety to such collections of par- 1 
ticles as are connected together by mechanical forces. 


The varieties in such connecting forces are innu- 


merable, but we only consider here the motions of 


such systems, whose particles are connected þ wy "i mu-. 


* 


IE 


tual and equal forces. 

Equal and contrary motions communicated to any 
system of bodies will have no effect upon their cen- 
ter of gravity, for they would not disturb a body equal 
to the sum of them all placed in their center of gra- 


| The center of gravity of a oi of bodies wilt 
not be disturbed by their mutual attractions, as the 
motions thus communicated are always equal and 


opposite; hence the center of gravity of our system 


zs either at rest, or moves on uniformly in a straight 


Stars. 


5 noting when a cannon-ball, for instance, is thrown - 
1 upwards, the projecting force, re-acting on the 


line. The latter is supposed by Dr. Herschel to 
be the case from the change which has been ob- 


served 1 in the relative situation of some of the fixed 


"Bene os the center of gravity of the earth is 
not affected by the motions on its* surface 5 


„causes it to move in a contrary direction, but 


as the motions are equal, the center of grony re- 


mains the same. 
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in a space that is carried uniformly forwards, are the 
came as if that space way at rest; and any powers 
or motions that act upon all the bodies so as to pro- 


duce equal velocities in them in the same or in pa- 


rallel right lines, have no effect on ou mutual 
actions or relative motions. ? 

Thus the motions of bodies on hourd: a ship that 
is carried steadily and uniformly forwards, are per- 
formed in the same manner as if the ship were at 
rest. When a fleet of ships is carried away. by an 
uniform current, their relative motions are no way 
affected by the current; but approach to or Fam 
from each other, as they would if no such current 
existed. The motion of the earth and air round its 
axis has no effect on the action of bodies and agents - 
on its surface, only * 80 far as it 1s not rectilineal and 
uniform. 7 

In general, the actions of 1 bodies on each other 
depend not on their absolute but relative motion, 


which is the difference of their absolute when they 


have the same direction, but their sum hen they 
are moved i in N directions. 


| GENERAL OBSERVATIONS. „ 


The dann of a body on an horizontal plane de- 
pends, as we have already observed, on the position 
of the line of direction relative to the base of the 


body; the nearer this line approaches the center of 


the base, the more firm the body stands, and the 


contrary, which we experience N in a housand 


different ways. 55 
When a man is standing, the line of direction 


= 


passes directly between the feet; when he walks, 


most of the motion is to Ore this nne in the 


same position. 5 
„ vol, i. 1 


ws EEx TRAIL OBSBRVATIONS. 


* 7 man a with his feet elose is not near so ; 


"ug as when. they are at some distance. 

A man sitting in a chair cannot rise without bring- 

his body forwards, and moving his feet backwards, 
ing the center of gravity be before his feet, or at 
least upon them, when to prevent falling forwards, he 
brings one foot forwards. _ | 
- \ For when we are sitting on a chair, our center of 
gravity is on the seat, and the line of direction falls 
behind our base; we therefore lean forwards to bring 
the line of direction towards our feet, and draw 
our feet backwards at the same time, that we may 
carry our base towards the line of direction; when 
the center of gravity is reduced so as to be ex- 
actly over our feet, we are able to raise ourselves 
bi Ypright. | 

In walking up a steep kill, « a man bang his body 
| forwards. and-presses only on his toes or eee 
his feet, so that the center of gravity may be between 
bis feet, and prevent his falling backwards. 


And for the same reason, by an. easy and, natural 


motion, we carry the body from right to "rs and 
from left to right at every Step. - - 

Rope- dancers also use a pole loaded with lead at 
its two extremities, in order to counterballance their 
various movements, and regulate the motion 
of the center of gravity. _ - 


In general our motions, and particularly the fric- | 


tion of the feet; serve to modify considerably the 


effect of our weight, and to preserve constant sta- 


bility amidst a Yen of causes which tend to de- 


stro) t. : 
Day 1 consider walking more particularly: in 1 
ing, the foot from which we set off is our base at 
first, till, by turning the ball of it round, we have 
thrown the center of gravity forwards beyond It, 
by which means we Should throw ourselves down if 
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we did-not take up the other leg from the 


'by turning the ball of the fo 


indee 
who walk pretty close do it so little as not to be per- 
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as upon a prop or support, to prevent us from fall- % 
ing. This is taking one step; in order to take a 
second, the center of gravity must be brought di- 


rectly oyer the, prop; that is, the foot which we put 
before us must be made our base, from which we 
may set off in taking a second step. We do this 
| ot still farther round, 
5 as to push the ground that we stand on back 


pushes our center of gravity forwards, till the line of 
direction is got to the place where we want to have 


it reduced. Hence in walking, the line of direc- 


tion passes through each foot alternately, and if we 


set otic foot directly before the other in every step 
that we take, then this line will move evenly. for- 


wards; but if we straddle as we walk, then the line 
of direction does not go on evenly, but is carried 


out first towards the right side, and then towards the 
left, at the same time that it goes forwards, which 


is the reason why those who straddie in their walk, 


as fat Pye commonly do, are observed to waddle: 
d every body waddles more or less, but they 


caved. 


Ducks, geese, and the we part of . water- 
fowl, whose legs are set wide asunder for the con- 
venience of swimming and turning quick in the 


water, have always a waddling motion upon land; 
but a cock, a stork, an ostridge, and many other 


birds that are not web-footed, walk directly for- 


wards without waddling, more especially when they 

walk slow. Quadrupeds seldom or never waddle, 
because they have cpmmonly three feet upon the 
ground at a time. The ancients observing, that 


horses and other quadrupeds, in galloping, lift up - 
their two fore-feet and then their hind-feet, as soon 
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as the two fore- feet are set down, imagined, that 
in walking, as well as pacing and trotting, an horse 
has two feet off of the ground at one time; and 
accordingly, in their statues, they have represented 
their horses with two legs off the ground dia- 


gonally opposite: the modern statuaries have fallen 


into the same error. Borelli has shewn, that this 
is an error, and inconsistent with the simplicity 


and wisdom we observe in the works of nature; 
to his treatise, De Motu Animalium, I must refer 
you. F : 


In skaiting, the line of direction passes through 


the foot on which the skaiter moves; and as he 
raises his foot from the ice, he scrapes it in a con- 


trary direction to that in which he designs to move, 


: 
* 


and the resistance of the ice upon it pushes him for- 


Nn JVC 
In jumping, the center of gravity rises from the 
8 and is carried forwards at the same time. 


To render this plainer, I will explain it by a very 
simple instance: if you set one end of a bow stick 
on the ground, and with your hand bend down the 


other end, upon letting this end go, the bow flies 


out at once, and jumps from the ground; for the 


elasticity of the stick unbends it equally both ways, 


and as the action of one end is downwards and 


presses upon the ground, the re-action will be up- 
wards, and the center of gravity will have a motion 
communicated to it in that direction, and will there- 
fore continue to rise, and the stick will by. this 
means be carried off from the ground till its weight 
puts a stop to its farther, ascent, and makes it fall 
back i 


| The force of the muscles is that which in jumping - 
supplies the place of elasticity, for by bending the 
joints of the two heels, the two knees, and the 


two thighs, there arg six bows bent; and if all these 


are suddenly straightened by the force of the muscles, 
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the Genter of gravity of the body will have a mo- 
tion upwards communicated to it, and the body will 


by this means be made to rise from the ground. 
H we are to. jump directly upwards, we push the 


ound on which we stand directly downwards; but 


if we move obliquely, so as to rise and jump for- 


his back, | 
rectitude of figure, his center of grayity would be 


wards at the same time, we push the ground ob- 


liquely backwards with both feet together. 


Tou may now. consider what it is that makes 
the difference between walking and running: if you 
imagine, that these two modes of motion differ only 


in the degree of swiftness, and that as walking is 
a slow motion, 80 running is only a swifter motion 


of the same sort, you are much mistaken; for 


these two motions differ in sort rather than in de- 


2 Indeed they do not differ always in degree, 


or there are some who will walk faster than others 


can run; we can walk quick and run slow; in a 
word, they are two entire different modes of mo- 
tion. Walking is moving forwards by steps, so as 

never to have both legs off the ground at the same 


time; running is moving forwards by jumps. In- 


deed, in running, we do not take our jumps with 
both legs close together, but with one of them be- 
fore the other; but I call it jumping, because in 
_ throwing ourselves forwards both * are off the L 


| ons, at once. 


In carrying a load, a man al ays leans 80 as to 
bring the center of gravity between his feet, and 


therefore leans the contrary way to the load. He 
naturally leans forwards when he has a burthen on 
for if he attempted to retain his usual 


altered, and he must consequently fall backwards; 

for the same reasons, when the burthen is on his 
breast, he counterba ballinces the weight by altering 
his figure i in the opposite position. In almost every 
instance of our motions us are _—_— to make use 
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ol these ballancing arts to keep ourselves upright; 
and it is usually the study of a fine painter, to know 
how far the human figure may be bent without losing 


its center of gravity, De Vinci, one of the first 
painters after the revival of the art, has laid down 


oved 


by succeeding painters, 


rules upon this subject, which have been im 
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n the Motion of Projectiles. x 
Ix a heayy body be projected directly upwards or 


downwards, it will be moved in a right line, but 
its motion will be, as we haye shewn you, an uni- 
formly accelerated or retarded motion, according as 
it is projected upwards or downwards; but if it be 


projected in an horizontal direction, or in any other 


carried in a curve line. 
Galileo first investigated th 


direction that is oblique to the horizon, it will be 


e effects of gravity on 


falling bodies, and upon that foundation demon- 


strated, that all projectiles would move in a parabola 
in a zon-resisting medium; and not taking the re- 
sistance of the air into the account, he proved, that 
a ball shot horizontally would, in its flight, describe 
balf a parabola; and When the piece had an eleva- 


Sir Jobn;Pringle's Discourses, | 
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he horizon, the ball would describe a 


the m— and by the same method of 1 
he sh that whatever the ranges of the projecte 


body or the elevations of the piece were, the ball 
would still trace that curve line, of a greater or a 
lesser amplitude, by the time it descended to the 


level of the place from whence it came. 


Galileo confined his projeotions to the ſieve | 
plane of the battery; but Toricelli, his disciple, 


soon after carried the theory farther, by tracing the 


shot to its fall, whether — place was above or be- 
low the plane; and still found by geometrical de- 


ductions, that it flew in a parabola of a larger or 
smaller amplitude, according to the angle of eleva- 
tion of the piece, and the strength of the powder. 


Galileo suspected, that the resistance of the air 


would divert the projectile from its track, and pro- 
posed some means for ascertaining the inequalities 
arising from thence; yet those who came after him, 


Newton and Huygens excepted, all asserted, that the 
resistance of the air was so small, that bodies mov- 


ing through it would not sensibly deviate from the 


path they would describe in vacuo, the velocity and | 


direction of projection being the same. 
Dr. Halley, and other eminent mathematicians, 
acquiesced in the justness and sufficieney of the prin- 


ciples of gunnery invented by Galileo, and enlarged _ 
ohh nay, so far were these theorists from 
suspecting any defeet or fallacy; in these principles, ; 
that they seemed rather to reprogch the practical ar- 
tillerists, for not profiting more by the instructions 3 
they had so liberally imparted to them. 2 55 
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Yet, that either the theory of projectiles was re 
| feetive, or the resistance of the air was such as ren- 


Wa, supposing it to fall on the plane * 


dered is inapplicable to practice, was evident my 


numerous experiments. It has been found' 


periment, chat a musket-ball, three-fourths o Ti 


\ 


184 knn MOTION or PROJBOTIUES, 


inch in diameter, fired with half its weight of powder 
from a piece forty-five inches long, moves with a 


velocity of near 1700 feet in a second; now if, ac. 
cording to theory, this ball flew in the curve of a 
parabola, its horizontal range at 455 would be found 


to be about 17 miles; but all practical writers as- 
Sure / us, this range is really short of half a mile. 


One more instance: an iron bullet of 24 pounds 
weight, fired from a piece of the common dimen- 


sions, with its greatest allotment. of powder, - hath a 
velocity of 1650 feet in a second; now the horizontal 


range of this shot at 45*, computed according to 
the parabolic hypothesis, will come out to be about 


sixteen miles, which is five or six times its real 
quantity; for practical writers all agree in makin git 


* 
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It is not only when projectiles move with these 


very great velocities, that their flight sensibly varies 


from the curve of a parabola; the same aberration 
often takes place in those that move slow. In short, 


says M. de Ressons, a French officer of artillery, 
distinguished by the number of sieges at which he 
had served, by his high military rank, and by his 


abilities in his profession, © Although it be agreed, 


that theory joined to practice does consfitute the 


perfection of every art, experience had taught him, 
that theory was of very little service in the use of 


mortars; that practice had convinced him, that there 


was no theory in the effects of gunpowder, for that 
having endeavoured, with the utmost care he was 
master of, tg point a mortar agreeable to theory, yet 
he had never been ahle to establish any solid foun- 


dation thereon. “ 


Sir Baac Newton, in his Principia, has indeed 


particularly considered the resistance of the air to 
eee with small velocities; but as he 


ad no opportunity of making experiments on those 


which move with prodigious swiftness, he did not 
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rains; thin; & Aikens in belocezty would mike 


such a resistance as it is now known to do. Sir Traac. 
found, that in small velocities the resistance was in- 
creased in the duplicate proportion of the swiftness 
with which the body moved; that is, a body moving 
with twice the velocity of another of equal magni- 
tude, would meet with four times as much resistance 
as the first; with thrice the velocity, it would meet 


with nine times the resistance, &c. But even this 


theory is found to be erroneous, with en to mi- 


litary projectiles. 


After the theory of projectiles, with: respect to 
gunnery, had exercized the powers of the ablest ma- 
thematicians for near two hundred years, and for al- 
most fourscore years of that time had rested on fun- 
damentals which had never been contested; yet you 
find M. de Ressons, one of the most dp e 
judges, pronouncing it to be entirely useless. 

Nothing further was done till this subject was 


taken up by Mr. Robins, a man deeply versed in 


geometry and the doctrine of numbers: but he 


knew also the limits as well as the powers of both, 


and how insufficient they were for establishing any 


theory where matter was concerned, without pre- 


paring the way by finding, by varied experiments 
and attentive observation, the physical properties 


of that matter. Those who had heretofore treated 
of the foundation: of gunnery, by being too for- 
ward in the application of their mathematics, had 7 | 


in some measure hurt the credit of that admirable 
Mr. Robins perceived the error of his e 1 


cessors in this i inquiry, and corrected it. Persuaded 
af the great resistance of the air to bodies moving 


in it, and also of the uncertainty of the force of gun- 


| powder, and of the variations in the flight. of shot, 


occasioned. by unavoidable varieties in the make of 
* shot, and in the make of the pi pieces of artillery: | 
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which dec hrg d it; apprized of 80 


any causes of 


; aberration, he justly coneluded, that the affair here 
Was at least as — an affair of physies as of geo- 


metry; and that though the art of throwing bombs 


had not been advanced by theory, it was not because 
the art admitted of none, but because the theory, 


which had hitherto been devised, was both defecuve 
and erroneous. _ 


Jo free this ert from its difficulties, and to 
account for its irregularities; Mr. Robins was obliged 


to institute a set of experiments, to discover the 

initial velocity of the shot in given circumstances. 
To this end he endeavoured to asce 

of ee that he might thence estimate the 

velocity of the shot expelled by 


tain the force 


y its explosion. This 


being done, he proceeded to measure the quick- 
ness of a musket-bullet, shot out of a given arrel 


with a given quantity of powder; and as the great 
velocities communicated to bullets by gunpowder 
rendered it impossible to make any direct observa- 


tions on them, he was en Wy" use an indirect 


method. 


For this Dinghy * observe a W e by 
which the velocity of the bullet might be diminished 


in any given ratio, by being made to strike on a large 


body of a weight justly proportioned to it; whereby 


the swiftest motions, which otherwise would escape 
gur examination, were to be exactly determined 


by these slower motions, that had Aa pen relation 
to them. 


The machine was gs, dad the idea new. It 


consisted of a large wooden pendulum „which swung 


freely; but in so slow a manner, that its vibrations 


could be easily counted, with 1 ay the 
bullet note: 


Assisted by this, de den into the resistance 


is by the air to projectiles of rapid motion, and 
thereby discovered, that the curve © deseribed by any 
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shot was very diffewcnt from a parabola; being nei- 

ther a parabola, nor approaching to it, except when 
the bullets are projected with. very small velocities; 
and, consequently, that all application of the pro- 
perties of that conic section to gunnery were so er- 
roneous, as to be totally useless; thus giving an in- 
struetive instance of the fallacy of the most specious 
theories, that do not knen os 1 in _ _— ex- 
| periment, 5 | 
Since Mr. 4405 time, many Aportend and 
accurate experiments have been made on this sub- 
ject by Dr. Hutton, Mr. Thompson, and Lovel Edg- 
n Esq. but I should exceed the bounds of 
these Lectures, were I to enter more minutely into 
their experiments, and must therefore refer you to 
those authors, who have treated particularly on 
these subjects. After what you have heard of the 
imperfection of this part of science, it would be 
eee to dwell on the mathematical theory of 
Projectiles, and thus endeavour to make you ap- 
pear wise in your own eyes, or that of others, by 


a parade of eee e and an ucless _— of _ 
diagrams. 7 


I shall therefore. content ud with laying before 5 7 


you one or two of the een t e that 
are furnished by theory. i 

1. If the force of gravity were constant, and acted F 
in parallel lines, and there were no resistance from the 
air, bodies oh; near the earth's 5 would a 
Scribe a parabola. 

But the resistance of the air is.” great, that it 
will cause the body projected to describe a path al- ä 
together different from a parabola; so that no prac- 
tical conelusions can be drawn from this theory. 
This you may easily imagine, when you consider 
that the resistance of the air to a cannon-ball of 
twenty- four pounds weight, moving with its initial 
velocity from a full charge of powder, is deren | 
ee 
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five and six hundred pounds; which resistance OR 


above twenty times the ball's weight. 


2. If the velocity of projection be n the loi 


; zontal range i #he ny; when the _ of eleva- | 
Lion is 45”, VF 


This position Ty is only true on a nappoattion 


that the resistance of the air had no effect; whereas 


it so influences military projectiles, that the greatest 
range is at an angle much less than 455. 


In the art of gunnery, aberrations will take place 


from a variety of causes, which can by no means be 
foreseen or prevented. A difference in the densit 

of the atmosphere, in the dampness of the powder, 
or in the figure of the shot, will occasion variations 


in the range of a bullet that cannot be reduced to 


any rules, and render the event of each shot very 


precarious. The resistance of the atmosphere, sim- 


ply considered, is a problem that, notwithstanding 
the labour of Mr. Robins &c; bas not been « com- 
pletely solved. 
It is an objection that hos ous ate: to the 1 ma- 
thematical philosophy, and to which in many cases 
it is most certainly liable, that it considers the resist- 
ance of matter, more than its capacity of giving 
motion to other matter. Hence, if in any case mat- 
ter acts both as a resisting and a moving power, and 
the mathematician overlooks its effort, towards_mo- 
tion, founding his demonstration only upon its pro- 
perty of resisting, these demonstrations will be cer- 


tainly false, though they should be Ye by an 
the ge of 2: e 
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The air presses as much upon the back· part of the 


ball, as it resists on the fore- part; and, of conse- 
quence, a ball moving through the air with any 
degree of velocity, ought to be as much accelerated 


though not properly a res 
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| by the Schon of the air behind, as it is'retarded by 


x action of that before. Here, then, it is natural 
th ask, If the air accelerates a moving body as much 
as it retards it, how comes it to make any resistance 
at all? yet certain it is that this fluid doth resist, and 
that very considerably. To this it may be answered, 5 
that the air is always kept in some certain state or 
constitution by another power which rules all its 
motions, and it is this power, undoubtedly, which 


gives the resistance. It is not to our purpose, at 


present, to inquire what that power is; but we see 
that the air is often in very different states: one 
day, for instance, its parts are violently agitated by 
a storm, and another, perhaps, they are compara- 
tively at rest in a calm. In the first case, nobody 
hesitates to own, that the storm is occasioned by 
some cause or other, which violently resists any 
other power that would prevent the agitation of 
the air. In a calm, the case is the same; for it 


would require the same exertion of power to excite 


a tempest in a calm day, as to allay a tempest in a | 


stormy one. Now, it is evident, that all projectiles, 


by their motion, agitate the atmosphere in an unna- 
tural manner; and consequently are resisted by that 
power, whatever it is, which tends to restore the 
equilibrium, or bring back the mn. to its 
former state. | 
If no other body, besides that eee 
acts upon projectiles, it is probable, that all resis- 


tance to es motion would be in the duplicate pro- 
portion of their velocities; and accordingly, as long 
as the velocity is small, we find it generally is so; 


but when the velocity comes to be exceedingly great, 


other sources of resistance arise. One of these is a 


subtraction of part of the ring power; which, 
istance, or opposing ano- 
ther power to it, is an e e thereto. This 
subtraction arises om the fllowin 8 . the air, 
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as we have already observed. presses upon the binder 
part of the moving body by its gravity, as much as 
1 resists the fore- part of it by the same property; 
never „the velocity with which the air presses 
wes. any body by means of its gravity is limited; 
and it is possible that a body may change its place 
with so great velocity, that the air hath not time to 
rush in upon the back-part of it, in order to assist 
its progressive motion. When this 28 to be 
the case, there is, in the first place, a deficiency of 
the moving power equivalent to fifteen Pounds on 
every square inch of surface, at the same time chat 
there is a positive resistance of as much more on the 
ſore- part, owing to the gravity of the atmosphere, 
which must be Overcome bo fore the Dy can words 
forwards. - 8 kf, 
This deficiency os eg power, and increase of 
resistance, do no only take place when the body 
moves with a very great degree of velocity, but in 
all motions whatever. It is not in these cases per- 
ceptible, because the velocity with which the body 
moves, frequently bear, but a very small proportion 
to the velocity with which the air presses in behind 
it. Thus, supposing the velocity with which the 


- at Tushes into a vacuum to be 1200 feet in a second, 


if a body moves with a velocity of 30, 40, or 50 feet 
ma Second, the force with which the air presses on 
back-part is but x at the utmost less than that 
whic resists on the fore-part of it, which will not be 
perceptible; but if, as in the case of bullets, the ve- 
* ity of the rojectile comes to have a considerable 
roportion to the velocity wherewith the air rushes 
in behind it, then a very perceptible, and otherwise 
unaccountable resistance is hae ved, as we have 
seen in the een already related by Mr. Ro- 
bins. Thus, if the air presses in with a velocity of 
1400 foot 4 in a second, if the body changes its place 
with a N of 0 feet i in "_ same time, * is 


er 
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2 resistance of 15 pounds on the fore · part, and a 
pressure of only 74 on the back-part. The resis- 


tance, therefore, not only overcomes the moving 


power of the air by 75 pounds, but there is a defi- 


ciency of other 7 2 pounds, owing to the want of half 
| the pressure of the atmosphere on the be 


and thus the whole loss of the moving power, is 
equivalent to 15 pounds; and hence the exceed- 
ing great increase of resistance observed 


Mr. Robins, beyond what it ought to be, according 


to the common computations. The velocity with 
which the air rushes into a vacuum is, therefore, a 


desideratum in gunnery. Mr. Robins supposes that 
it is the same with the velocity of sound; and that 


when a bullet moves with a velocity greater than 
that of 1200 feet in a second, it leaves à perfect va- 


cuum bebind it. Hence he accounts: for the great 
increase of resistance to bullets coming with such 


velocities; but as he doth not take notice of the loss 
of the air's moving power, the anomalies of all lesser 


velocities are inexplicable on his principles. Nay, 


he even tells us, that Sir ſsaac Newton's rule for 
computing distances may be applied in all velocities 


less than 1100 or 1200 feet in a second, though 
this is expressly contradicted by his own ee 
ments. | 


Though, for these reasons, it is 3 how! great 
difficulties must occur in attempting to calculate the 


resistance of the air to military projectiles, we have 
not even yet discovered all the sources of resistance 

to these bodies, when moving with immense velo- 
cities. Another power by which they are opposed, 


and which at last becomes greater than any of those 
hitherto mentioned, is the air's we pa in This, 
however, will not begin to shew itself in the way of 


— tl the velocity of the moving body be- 


nh y greater than that by which the 
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ascertained this velocity, which we shall euppose to 


—— 


fifteen pou 


arises from the power 


duplicate prop. 
5 tioned. If the body is supposed to move with a 


be 1200 feet in a st cond, it is plain, that if a body 
moves with a velocity. of 1800 feet in a second, it 
must compress the air before it; because the fluid | 


| hath neither time to expand itself, in order to fill 
the vacuum left behind the moving body, nor to 


rush in by its gravity. This compression it will 


resist by its elastic power, which thus becomes a 
new source of resistance, increasing, without any 
lmit, in proportion to the velocity of the moving 


body. If, now, we suppose the moving body to set 


out with a velocity af 2400 feet in a second, it is 
Plain that there is not only a vacuum left behind the 
body, but the air before it is compressed into half 
its natural space. The loss of motion, therefore, in 
the projectile is now very considerable. It first loses 
ſiſteen pounds on every square inch of surface, on 


account of the deficiency of the moving power of 


the air behind it; then it loses fifteen pounds more, 
on account of the resistance of the air before it; 
again, it loses fifteen pounds, on account of the elas- 
ucity. of the compressed air; and, lastly, another 
nds. on account of the vacuum behind, 
which takes off aha. weight of the atmosphere, that 
would have been n to one-half of the elasti- 


city of the air before it. The whole resistance, 


therefore, upon every square inch of surface moving 
with this velocity is sixty pounds, besides that which 

ending to preserve the general 
state of the atmosphere, and which increases in the 
tion of the velocity, as already men- 


velocity c of 4800 feet in a second, the resistance from 
the air's elasticity will then be quadrupled, or 
amount to sixty pounds on the square inch of nt 
face; which, added to the other causes, produces a 


resistance of 105 pounds upon the square inch; and 


thus would the resistance from the E of che 
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tir go on continually increasing. till at last the motion = 1 
of the projectile would be as effectually stopped, as i 


it was fired against a wall. This obstacle, therefore, 
we are to consider as really insuperable by any art 
whatever, and therefore it is not adviseable to use 
larger charges of powder than what will project the 
shot with a velocity of 1200 feet in a second. In 
this velocity the elasticity of the air will not make 
great resistance, if indeed it do make any at all; for, 
though Mr. Robins hath conjectured, that air rushes 
into a vacuum with the velocity of sound, or be- 
tween 1100 and 1200 feet in a second, yet we have 
no decisive proof of the truth of this supposition. 


At this velocity, indeed, according to Mr. Robins, a 
very sudden increase of resistance takes place; but 


this is denied by Mr. Glenie, who supposes that the 
resistance proceeds gradually: and indeed it seems 

to be pretty obvious, that the resistance cannot very 
suddenly increase, if the velocity is only increased in 
a small degree. Yet it is certain, that the swiftest 
motions with which cannon- balls can be projected 
are very soon reduced to this standard; for Mr. Ro- 


bins acquaints us, that “a twenty-four pound shot, 


when discharged with a velocity of 2000 feet in a 


second, will be reduced to that of 1200 feet in a 


second, in a flight of little more than 500 yards. T“ 
It is proper to notice here another particular circumstance | 
attending the motion of bodies projected with considerable force. 

It has been observed, that bullets, in their flight, are not only de- 
Pong beneath their original direction by the action of gravity, 
y 


t are also frequently driven to the right or left of that direction, = 


by the action of some other force. If the action of gravity were 


the true cause of the variable direction of bullets, their horizontal 


direction from the mark aimed at should increase in the proportion 
of the distance of the mark from the piece simply; but experi- 
ments prove the contrary; the piece which will carry its bullet 
within an inch of the intended mark at 10 yards distance, cannot 
be depended upon to 10 inches in 100 yards, and much less to 30 
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wn Sinton 6 a heavy body banging to a — 
cord or wire, which is moveable upon a center. It 


is that well-known instrument so useful in measuring 


time, and . with ACCUracy ts'1 nicer divi- 
sions. 

A body thus suspended being put in ee FR 
"a netdes an arc; in one half of which it Rs and 
ascends in the other. | 

For instance, here is a pendulum, that 8, a ben 


body, P, plate 2, fg. 11, hanging by a small thread, 


and moveable therewith about this point, B, to which 


the thread is fixed. If, when the © xa is stretched, 
' the weight be raised as high as C, and thenee let 


fall, it will by it own gravity descend ee the 
are CP, . 5 0 


& ards. The experiments by Mr. Robin and Dr. Hutton 
Rive us btedly proved this. 

Beides the resistance of the air, as one cause . given "0 this 3 irre- 

i motion, there is another more probable one given by Dr. 

utton, which is a whirling motion acquired by the | bullet about an 

axis, by its friction against the side of the piece; for by this rota- 

motion, combined with the progressive one, each part of the 

pall's surface will strike the air in a very different direction from 

what it would do without such whirling, and the obliquity of the 

| 2.of the air arising from this cause will be greater, according 


| as the rotatory motion of the bullet -is greater in proportion to its 
7, Wen motion. M. Euler, on the contrary, attributes this 


on of the ball, to its figure, and vexy litt tle to its rotation; 
for, if the ball were perfectly round, though its center of gravity 
9 did not coincide, the deflexion of the axis from the cylinder, or line 
| of direction sidewise, would be very. incongiderable. But when it 
is not round, it will generally go to the right or left of that direc- 
tion; and so much the more as its range is greater. And he infers, 


that iron cannon-shot, which are 2 and less susceptible of 
change of figure on passing alon wig the 24 linder than those of lead, 


are more certain than musket For further particulars, as 
well as a mathematical B iy of the laws of projectile. mo- 


Lion, see Dr. Rae 8 e en Dee. wr * „ 5. 2 
517. 
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it back, and the impressed force pushing it on, L E 
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if it were e free, and not retained by the 
thread, it would fall in a vertical line, PL, from the 
point where J held it; but being retained the 


string, it can only partially obey the action of 
vity, and is constrained to describe an arc, C P. 


The body in falling from C to P through d are 

x velocity (motion) as it would 
have acquired in falling perjendiculerly from E to P. 
consequently enough to carry P to the same height, 


through the same curve, in equal time, supposing 


the direction to be changed without ann the 
vElocuty: > 3&6 

The thread i 18 » the cause which enen the e 
tion impressed on the body, without affecting the 
velocity; not considering, for the prevent, the effect 


of friction at the point of suspension. 


The body, when arrived at P, the lowest pœiut of 


the curve, cannot descend to the earth, because it 


is withheld by the string, but it retains all the velo- 
city it has acquired in falling from C to P; so that if 
at this instant gravity ceased to act on this body, and 
that it was no longer withheld by the string, it 

would go on, by the first law of ora in a line 
PD tangent to the circle CP, in which the body. 


moves: but the thread opposing an invincible ob- 


stacle to its gravity, and the force which it has ac- 
quired, to go on in the tangent PD, it only endea- 
yours to fly off in this tangent; the thread drawing 


attempts to move in the direction of another tan- 


gent, which it is again withheld from pursuing 
the thread; and by thus causing it continually i 5 


change its direction, it decribes the are P n | 


5 to Pei (ot! 


When he body 35 10 at R, all thet er it 
bad acquired is expended, and it falls . Lech E 
gravity: from K-10 Pz from whence it as 5 

wa 
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the curve, which motion is called an N or 


10% —concurninG PENDULUM. | 
to P, and then desbande again. And thus it will 


continue its motion backwards and forwards along 


vibratory motion; and each swing from C to R, as 


also from R o 8 is called Aa vihration « or auc 


gion. 


is the radius, the arc, C P R, that It describes, . 
be the arc of a circle. 


Lou see clearly, that the thread; by which the 
| body is suspended, is an obstacle that opposes in 


part its descent towards the earth, and changes the 
direction in which it moves; but, at the same time, 


ou see that it is gravity which i is THO cause of! its 


motion or vibrations. 


An horizontal line, perpendicular to the plabe of 
the oscillations, and passing through the point B, 
about which the pendulum oscillates, is called the 
axis of oscillation; the point, B, to which the thread 
is fixed, is called the point of cuspension. 
In considering pendulums, it is customary to sup- 


| pose the weight of the body to be concchtrated'1 in 
Find point. ; 


Pendulums may be 3 or . FI 
Simple pendulums are those to which "ems 
weight is suspended: compound pendulums are — 


: | to 9 several weights are fixed; these are placed 
s at different distances from the point of suspension. 


If che pendulum suffered no retardation in its 


Po: motion from the resistance of the air, nor from the 
friction of the thread against the center about which 
it moves, the arcs described in each vibration would 


be exactly equal, and the motion of the pendulum 
1 would continue for ever. 


But as the motion of the pendulum is continually 


retarded by these owes, the arcs described in each 


The body being ben el by the thread'i in the cir- 
| cumference of the circle CPM, of which the thread 
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vibration must grow less and less continually, and 


at last vanish together with the motion of the pen- 


The vibrations of one and the same pendulum, 
vibrating in unequal circular ares, are performed 


very nearly in equal times, provided the ares are but 


small. | 3 
Thus in the pendulum AB, * 2, fig. 20, the 
vibration through the arc, CAD, is performed very 


nearly in the same time wherein the pendulum vi- 


brates through the arc EA F, on the supposition that 


the arcs, CA and EA are very small. 5 


Nov, as the ares are very small, they will not dif- 
fer much, either in length or declivity, from their 
respective chords; consequently, the times of de- 


scribing the arcs, by a heavy body running along 
them, will be nearly equal to the times of describing 


the chords: but I have already shewn you, that the 
times of describing the chords are equal; wherefore, 
the times of describing the arcs, CA, EA, must be 
nearly equal; and so likewise must be the double of 
those times, or the times wherein the pendulum vi- 
brates through the unequal arcs, CAD and EAF. 
'To render this clearer, let us recur to a diagram, 
to shew that the velocities of the bodies which oscil- 
late in different ares, C B, DB, plate 2, fig. 12, are, 
when they are arrived at the point, B, as the chords 
of the arc they have described. Draw the horizontal 
lines, CF, DE. Now I have shewn you, that the, 


velocity bodies acquired in falling through the arcs 
| C B, DB, are the same as they would have acquired 
in falling perpendicularly from F to B, and from E 


to B. Now, the velocity acquired in falling from F 
to B, is to the velocity acquired in falling from G. 


to B, in a subduplicate ratio of F B to GB, or as 
the line CB to GB. In the same manner, the ve- 
locity acquired by a body in falling from E to B, is 

. $0 that it would have acquired in falling from G to 
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B, in a subduplicate ratio of EB to GB, or as DR 
to GB; and, consequently, the velocity acquired in 
falling from F to B, is to that acquired in falling 
from E to B, as the chord CB is to the chord DB; 
| that is, the velocities acquired in falling through 
the ares; are as their respective chords. . 
From hence it is clear, that if in the circle, GB, 
you take the ares, B I, B 2; B3, of which the chords 
are respectively as 1, 2, 3, &c. the velocities of a 
pendulum descending successively through the arcs 
B, B2, B3, &c. will be as 1, 2, 3, &. that is, as 
the respective chords. „%%% 
This you may confirm by experiment. Here are 
two pendulums of an equal length; I will let them 
go at the same instant of time, but in such manner 
that they may vibrate through small but unequal 
arcs. They will for a long time keep pace together, 
and continue to begin and end their swings, without 
any sensible difference as to point of time, during a 
great number of vibrations. 1 . 
It is the characteristic of real genius to distinguish 
facts one from another, and to draw important con- 
sequences from what would be of no value to others. 
Thus Galileo, considering the oscillations of a lamp 
suspended from a roof; a circumstance that had of- 
ten been attended to before, but to little purpose. 
It had spoke an unknown language to all who had 
| hitherto observed it, but not so to Galileo; he per- 


c.ecived that its vibrations were apparently equal, 


though their extent continually diminished, till the 
motion of the lamp entirely ceascd: this phenome- 
non, which is called the 759chronism of Pendulums, 
appeared to him important and useful. He per- 
ceived also, that, every thing else remaining the 
Same, the vibrations were slower, in proportion as 
the lamp was further from the point of suspension; 
and saw that, by these observations, he was furnisbed 
with an instrument proper to measure what we call 


( 1 | 5 


CONCERNING PENDULUMS. 5 190 


B time; an instrument which always gave equal inter⸗ 
in vals; and that he could increase or diminish these 
ng intervals at pleasure, by making the pendulum longer 
B; or shorter; and thus obtain an accurate chronometer 
gh or instrument for measuring tim. 


Lou have seen it proved, by the experiments with f 
Mr. Atwood's machine, that a falling body describes 
spaces which are as the squares of 1 times em- 
ployed in falling, or the velocity acquired at the end ; 
of each of these times. 
Now, in the vibrations of a pendulum, the Spaces "= 
described are arcs of a circle, whose radius is the „ 
length of a pendulum. Let there be two pendu- LE 
lums, A B, CD, plate 2, fg. 13, vibrating in similar 
arcs, E B P, GDH. The time of a vibration. of =" 
the pendulum, AB, will be to the time of a vibration | 
of the pendulum C D, in a subduplicate ratio of the 
length, AB, to the length, CD. Now, as the arcs 
are to each other as the radii; and, from: the fore- 
going principle, the time of a vibration in the ” 
E B, is to the time of a vibration in the are G 
a subduplicate ratio of AB to CD, it follows, {un 
these, or in other words, the times of the vibrations 
of pendulums that describe similar arcs of circles, or 
which have equal S of vibration, are as the square 
roots of the — ths of the pendulums; 80 that if one 
pendulum be 1 times as long as another, the 
shorter will vibrate in half the time, so as to perform 
two vibrations in the same time that the longer per- 
forms one. Again, if one pendulum be nine feet 
long, and another four, the square roots of which 
lengths are three and two, the short one will make 
three vibrations while the other is making two. 
A disproportion in the lengths of two pendulums 
occasions a great difference, In oth in the times 3 
their vibrations. I 
Of several pendulums vibrating } in Smilar ares, 7s 
'the vibrations of * longest are n en . 


* 
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the shorter ones; and, consequently, if a pendulum 
is required that shall vibrate seconds, it must have a 


determinate length, as the length of the pendulum 
fixes the time of its oscillation. This length has 


been ascertained to be 39.13 inches. 
From this principle, you may find how long a 


branch is which hangs down from the roof of a 
church; and, consequently, by measuring from the 
ball of the branch to the floor, and adding this to 


the length of the hranch, you may find how high 
the church is. Let us suppose the branch to vibrate 


once in three seconds; then, since the times of vi- 
bration are as the square root of a pendulum's length, 
it follows, that the lengths of pendulums are as the 


squares of the times of vibration; and that the length 


of the branch is to the length of a pendulum which 


performs a vibration in one second, as the square of 3 


to the square of 1, or as g to 1. Now, the length of 
a pendulum that vibrates seconds being 39. 13 inches, 
multiplying this by g, we obtain 352.17 inches 


for the length of the branch. 


Pendulums which are of the same length wibrate in 


the same time, whatever be the proportion of their 
aveights;. or, in other words, the time of a pendu- 


lum's vibration is no way altered by varying the 
weight thereof. This follows from the property of 
gravity, which is always proportional to the quantity 


of matter; consequently, all bodies in the same cir- 
cumstances are moved by the force of gravity with 
the same velocity. To confirm this by experiment, 


- here are two unequal weights, so suspended by two 
threads, as to constitute two pendulums equal in 
length, Let them at the same instant of time fall 
from equal heights, they will keep pace together so 
as to perform their vibrations in equal times. 


From the motion of a pendulum, it is clear, that 
in any one place he quantity. of grautating matter in 
any body is proportional to its weight, For, we tind 
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þy experiment, that pendulums of equal length, 

whatever quantities of matter they contain, vibrate 
in the same time. They have equal velocities in the 
same time: the velocity and time being given, the 


quantity of matter is as the force of gravity. 


What I have hitherto said on this subject, ext nds 
only to simple pendulums; that is, those to which 


only one weight is suspended, and where the thread. 


by which it is suspended, is considered as without 
gravity or weight: for, when the rod by which the 


weight is suspended is of any considerable weight, 


the pendulum must be considered as compounded, 
for the weight of the rod has the same effect as a 
second weight fastened to the same thread. And I 
defined a compound pendulum, as one to which 
several weights were fixed, at invariable distances 
one from the other, as well as from the point of 
suspension. | 

Compoand pendulums follow the same laws as 


those that are simple, only with some modifications. 


OP THE CENTER OP OSCILLATION. 


To determine the times of the vibrations of a 
compound pendulum, we must consider a thing of 
which I have not yet spoken to you; that is, % 
center of oscillation. „„ 

The center of oscillation of a compound pen- 
dulum, is that point in which the efforts, or actions, 
of the weights which compose it are united, to 
cause the pendulum to vibrate in a certain time; or, 
in more technical terms, the center of oscillation . - 


zs that point of a pendulum, on each side of which 


the quantities of motion are equal, or in which 
all the gravity of the pendulum might be col- 
lected, without altering the times of its vibrations. 
Though the center of oscillation be. different from 


the center of gravity, yet it is evident, from: these 
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definitions, that they have a necessary relation to 


eb other. 
The center of oxcillation of a simple pendulum, 
Whose thread is considered without weight, is not 


in the center of gravity, but a little below it; but 


in the line of direction it is nearer or further from 


the center of gravity, according to a certain pro- 


rtion between the radius of the ball forming the 


pendulum, and the length of the thread by which 


it is suspended. Mr. Huygens has shewn how to 
find the center of oscillation from the proportion be- 
tween the radius of the weight and the length of the 
pendulum. 

The real length of a simple pendulum is not, 
therefore, the same as the length of the thread 
from the point of suspension to the ball attached 
to it, nor even to the center of gravity thereof; 
but its length is to be estimated from the point 
of suspension to the center of oscillation, which dif- 
fers from the center of gravity, except when the 
length of the thread exceeds to a certain degree the 
radius of the ball, when the difference becomes in- 
sensible. 

When the line of the pendulum is possessed of 
weight, which becomes sensible with respect to that 
which is attached to it, the center of oscillation is 
no longer in the suspended ball, but in a point 

somewhat above it; and this point is further removed 
from the ball in proportion as the weight of the rod 
is heavier when compared to the weight of the sus- 
pended ball. 

In this case, the true length of the pendulum i is 
the distance between the point of suspension and the 
center of oscillation, and the vibrations of this pen- 
dulum will be quicker than if the rod were without 
weight, because the pendulum is shorter. 

You have seen, that the longer the pendulum, or 
the further the weight from the Po of suspension, 
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che slower are its vibrations. Thus, if to an inflex- i 
ible line, AC, plate 2, fig. 14, four feet long, from 


whose extremity a weight, P, is suspended, you add, 


at Q, a second weight, B, somewhat higher than the 
other, as three feet from the point of suspension; 
now the weight P, which is four feet from the point 
of suspension, ought to make its vibrations slower 
than the body B, which is only three feet there- 


from: but as they are both attached to the same 


inflexible line, they are foreed to perform their vi- 


brations in the same time, which will be between 


the slowness with which it would have vibrated if 
there had been only the weight at A, and the greater 
velocity of its vibrations if there had been only the 
weight at Q. Thus the second weight quickens the 
vibrations of the first, and the first retards those of 
the second; and the center of oscillation of this pen- 
dulum will be in that point in which if these two 
weights were united, the pendulum would perform 
its vibrations in the same time as that of the pen- 
dulum with the two weights. fp. 
To find therefore the center of oscillation of a 
compound pendulum, is to find the length of a 
simple pendulum that would perform its vibrations 
in the same time as the compound; and the real 
length of the compound pendulum is to that of a 
simple isochronous pendulum as the pendulum, C R, 
is to the pendulum CQA. Now, as the lengths 
of pendulums are as the squares of the times of 
their vibrations, it is easy to see that the simple 
pendulum CR, whose vibrations are isochronous 
to those of the compound pendulum C Q A, should 
be more than three feet and less than four feet 
long; and, consequently, a simple pendulum is al- 
ways shorter than a compound pendulum, whose vi- 
brations are performed in the same time, and the 
center of the oscillation of the compound pendulum, 
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CAA, will be between the two weights P and Q, 
that is, somewhere about the point O. 
It is easy to perceive, from what I have already 
explained to you, that in a compound pendulum, 
CA, consisting of two weights, the nearer one o 
these weights is to the point of suspension, or the 
further the two weights are from each other, the 
more the center of oscillation approaches the point 
of suspension; and, on the contrary, if the two 
weights are equally distant from the point of sus- 
pension, their centers of oscillation would become 
the same, and the compound pendulum might be 
considered as the simple one. | 
What has been said of a pendulum consisting of 
two weights, equally applies to one consisting of two, 
three, or more weights. : | 
Before I proceed any further, it will be proper 
to observe to you, that that part of the preceding 
account which relates to the ascent of pendulous 
bodies, though generally received, is not deemed 
satisfactory by all. There are some able philoso- 
phers who consider it as imperfect;* they allow, 
that the body descends to the lowest point of the 
arc by the force of gravity, but do not agree $0 
well with what happens when it gets beyond that 
point. 5 Fs | 
| 9 it, they inquire, fall by the cause of gravity, 
and rise again by no cause at all, If you say, it 
_  Tises by the motion it has acquired in falling, they 
ask, what is this motion? It is nothing but an 
effect, and to say, that it moves by motion, is sayin 
nothing at all; for motion is not a thing by itself, 
as philosophers seem very falsely to have considered 
it; it is not a quality which a body can get posses- 
sion of and run away with; it is a mere effect, and 


* 1 Phys iological Disquisitions, P. 34. 
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as such must be referred to some _— or be n 
up as unintelligible. f 
It is said, that a pendulum cannot rise e by che 
power of gravity, because this is inconsistent with 
the direction of gravity; but notwithstanding this 
apparent difficulty, it is not improbable, that the 
same power, which naturally carries a body down- 
wards, will carry it any way according to the eir- 
cumstances of the case. Is not the whole arc of a 
endulum described out of the line of gravity; ene 

the first and last points ? 

In falling to the lowest point of the arc, the body 
moves for a little time very nearly in the tangent of 
its curve, at right angles to the line of gravity; or, 
in other words, its gravity. gives it motion in an ho- 
rizontal direction. But it gravity can give thus 
much, why not all the rest? Why must it leave 
the body at one point of the tangent line, and not 
continue to act upon in the same line? If the cause 


and the effect can be kept together ever so little be- 


yond the perpendicular line, the difficulty is over, 


and the body performs the whole course of its vi- 


brations by one and the same cause; and the reci- 
procations we observe in the moving body, are occa- 
sioned by a medium, whose vibrations are conti- 
nued with infinite freedom. | 

This is surely more satisfactory than that species 
of reasoning, which assigns a cause for one half of 
the motion, and a law, which cannot execute itself, 
to account for the other half; and that says, there 
is a certain mathematical point at which * are 
miraculously changed one for the other. | 

If the difficulty of making a body rise by gravity 
$hock you, word the matter differently, and Say it 
rises by the cause of gravity. 

Motion is either a cause or an effect: it cannot 
be a cause for this reason, that nothing can be the 


* 
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cause of itself; and if you allow it to be an effect 
then all the consequences follow. 

Sometimes our corporeal senses are able to dis- 
cover the relation between the effect and its p 
cause, and sometimes causes are to be inferred 
— induction grounding itself on W be- 

Thus when the. mercurial. fluid rises an lack 
higher to-day in the tube of a barometer than it 
stood yesterday, you neither sce nor feel the cause 
of this alteration, but you discover the cause by 
very sure deduction; for we know that the Torricel- 
han vacuum is filled by the column of mercury, till 
the mercury becomes a counterballance to the pres- 
sure of the external air; and that the air is the im- 
pelling cause, which drives the mercury up into the 
tube, and keeps it suspended there. Hence we 
conclude, that an alteration in the pressure of the 
air has occasioned an alteration in the tube, and 
that the pressure of the atmosphere being about 
vsth part greater to-day than it was yesterday, forces 
the mercury so much Wann till it is in equilibrio 
therewith. gt 

In the same manner most of the othey motions 
that are in the world may be referred to their proper 
causes, either by immediate e or rational 
deduction. | 
It does not follow, that no material cause is con- 

cerned. in any particular effect, because we weather 
see nor feel its operation. 

There are many obvious cases, in which hays cause 
of motion may be assigned with certainty, though it 
is not perceived by any of the outward senses; and 
partly for this reason, Note that which is manifest 
in some instances is occult in others, and distinguish- 
able only by rational deduction. 

Thus, when a thermometer is held before the fire, 
we * by its rising, that the fire enters the 
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pores both of the glass and the inclosed fluid; and 
this being thereby expanded and increased in its di- 


mensions, necessarily rises higher in the tube. Here, 


though we feel the element of fire 15 its heat, and 
see it by its light, yet its effects are gene to be dis- 
9 by rational deduction. 

Motion is never to be considered as a thing by 
itself, but as an effect, which, like all other effects, 
must be referred to its proper causes: and there is 
no occasion to understand motion as the cause of its 


cn continuation, when there is an active medium 


adequate to all the effects of gravity, which, moving 


with infinite freedom, can 80 far deceive us by the 


subtilety of its vibrations, as to make us believe 


there is no cause where the most powerful of all se- 


condary causes is present. If motion be an effect, 
this reasoning is necessary and natural. 

Before I proceed to the application of pendulums 
to clocks, it may not be amiss to recapitulate their 
properties, as it is the only part of a clock which has 
a natural tendency to measure time. 

A pendulum once- put in motion would con tinue 


to vibrate equal arcs, if no external cause tend to 


destroy its motion. 

All those equal vibrations would be performed m 
equal times. 

Pendulums of equal lengths, though unequal 
weights, will, ceteris paribus, periorny their vibra- 
tions in equal times. 

A pendulum cannot rest but when its center of 
gravity is directly below its point of suspension. 

The times wherein pendulums of any length per- 


form their oscillations, are as the square roots 


their lengths directly, and the square root of the gra- 
vitating forces reciprocally. 

If an iron bar be a at one end _ put 
into motion, the oscillations will be performed in 


less time than by a single pendulum of the same 


— 
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ength: for the upper parts of the iron will endeavour 
to oscillate according to their. respective distances 
from the center of vubpengion D and 80 accelerate the 
motion. 
A single pendulum, whose length is two-thirds of 
, the bar's length, will be found to perform its oscil- 
lations in equal yimes with the bar. Hence a point 
taken one-third of the length of the bar row, þ: THE 
lower end, i is called the center of deinen. 
- Hence it is evident, 

1. That the bar oscillates in the same manner as it 
would do if the gravity of all its parts were con- 
tracted into the center of oscillation, and all its other 
. remained without gravity. | 

2. Therefore, if any obstacle stops the center 
of oscillation, the whole motion of the bar is de- 
sStroyed at once, and consequently the whole force 
of its motion is spent upon, and received by the ob- 
stacle. | 

6; Tharefors, the quantities of motion on each 
: ade the center of oscillation are equal. _ 

4. Therefore, if any other part of the bar strikes 
against an obstacle, the motion will not be destroyed 
immediately, but the center of oscillation will endea- 
vour to go on, and, by that en either breaæ 
or bend the bar. 8 

From these particulars it is easy to explain the 

center of percussion, or what part of any instrument 
or weapon will strike with the greatest force. For 


it the stroke be not given with that part which is 


the common center of oscillation of the weapon, 
and so much of the arm as moves with it, whether 
it be from the wrist, elbow, or shoulder, the whole 
force of the motion will not be spent upon that which 
receives the blow. 

All oxcillating bodies, of what shape soever, have 
their — centers of oscillation; which, if the rod 
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or the pendulum be small, and the bob large, will 
fall within the bob. ; LES 

By the length of a pendulum is always meant the 
distance between the center of suspension and the 
center of oscillation. „ 

If a pendulum be heated, it grows longer, and 
consequently oscillates slower. 1 

Pendulums of the same length oscillate slower 
the nearer they are brought to the equator, and that 
for two reasons; because the semidiameter of the 
earth's equator is about seventeen miles longer than 
the semi- axis of the earth; and because of the cen- 
trifugal force, arising from the diurnal rotation, 
which at the equator is the 33th part of gravity, 
from whence it degreases continually, till at the poles 
it quite vanishes. | 

Much has been said of the advantages of making 
a pendulum vibrate in the arc of a cycloid, in which 
it would describe the greatest and least entire vibra- 
tions in the same time; but this property is only de- 
monstrated on a supposition that the whole mass of 
the pendulum is concentrated in a point, but this 
cannot take place in any really vibrating body. 
And when the pendulum is of finite magnitude, 
there is no point given which determines the length 
of the pendulum; but, on the contrary, . the center 
of oscillation will not occupy the same place in the 
given body, when describing different parts of the 
track it moves through, but will continually be 
moyed in respect of the pendulum itself during its 
vibration. This prevents the determination of the 
time of the vibration in a cycloid, except in the 
above-mentioned imaginary cases. TOR: 
I There are many other obstacles which concur in 
rendering the application of this curve to the vibra- 
tion of pendulums, a source of errors far greater 
than those which its peculiar property is intended to 
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obviate; and it is therefore now wholly disused in 
practice. ö 5 15 
Tu.ſind the length of a pendulum, that shall make any 
number of vibrations in a given time. ts 
Reduce the given time into seconds, then say, 
as the square of the number of vibrations given is to 


the square of this number of seconds, so is 39.13 to 


the, length of the pendulum sought in inches. 
Example. Suppose it makes 50 vibrations in a mi- 
nute; here a minute is = 60 seconds; then, 


As 2500 (the square of 50) : 3600 the square of 


ko y 23600 4 39.13 140868 
60) :: 39.13 : the length =- 20 = 2300 = 


56.34 inches, the length required. 
If it be required to find a pendulum that shall 
_ vibrate such a number of times in a minute; you 
need only divide 140868, by the square of the 
number of vibrations given, and the quotient will 
be the length of the pendulum. 

If the pendulum is a thread with a small ball at 
one end, then the distance between the point of sus- 
pension and the center of the ball is esteemed the 
length of the pendulum. But if the ball be large, 
say, as the distance between the point of suspension, 
and the center of the ball, is to the radius of the 
ball, so is the radius of the ball to a third propor- 


tional. Set two-fifths of this from the center of the 


ball downward, gives the center of oscillation. Then 
the whole distance from the point of suspension to 
this center of oscillation, is the true length of the 

endulum. | 


* 


If the bob of the pendulum be not a whole sphere, 


but a thin segment of a sphere, as in most clocks; 
then to find the center of oscillation, say, as the 
distance between the point of suspension and the 


middle of the bob, is to half the breadth of the bob, 


80 is half the breadth of the bob to a third propor- 
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tional. Set one third of this length from the mid- 


dle of the bob downwards, gives the center of oscil- 
lation. Then the distance between the centers of 
suspension and oscillation, is the exact length of the 
Pc „ . 
Having the length of a pendulum given, to find 
how many vibrations it shall make in any given time. 
Reduce the time given into seconds, and the pen- 
dulum's length into inches; then say, as the given 


length of the pendulum is to 39.13, $0 is the square 


of the time given to the square of the number of 
vibrations, whose square root is the number sought. 

Example. Suppose the length of the pendulum is 
56.34 inches, to find how often it will vibrate in a 
minute. RE | 5 

1 Minute = 60 seconds. Then 56.34 (the 
length of the pendulum) : 39.13 :: 3600 (the square 


of 60) is to the square of the number of vibrations 


= 005978 = 2 = 2500, and 2550 = 50 
= the number of vibrations sought. 1 

If the time given be a minute, you need only di- 
vide 140868 by the length, and extract the root of 
the quotient for the number of vibrations. 


OF TIME. 


As time in itself does not fall under the notice 
of our senses, and as the parts thereof go on in 
a continued succession one after the other, no 
two existing together, it is impossible to discover 
the equality or inequality of any two portions of 
time, by an immediate comparison of one with the 
other. | „ „„ ;ũ ũ ( 
It is therefore necessary, in order to distinguish 
the parts of time, to have recourse to something sen- 


sible, and of a different nature from time, as a mea- 


Sure thereof. | 
02 


* 
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In the first ages of the world, men observing 
the frequent risings and settings of the sun, took the 
one or the other for their first measure of time; 
calling that portion of time which passed between 
the two risings or settings, which immediately suc- 
ceeded each other, by the name of a day. In like 
manner, it is rational to suppose, that observing the 


frequent returns of the new and full moons, they 


made the one or the other their second measure of 
time, calling that space which passed between two 
successive new or full moons, by the name of a 
moon or month. For some time they contented 
themselves with those measures, without knowing 
or considering whether they were accurate or in- 
curate. £2 1 
In proportion as science dawned upon the human 
mind, men became better acquainted with the mo- 
tion of the heavenly bodies; they then discovered ir- 
regularities in the apparent motion of the sun, and, 
of consequence, an inequality in the natural days, 
which depend on that motion. By considering the 
causes of this inequality, they were led to make such 
alterations in the natural days, by adding to some 
and taking from others, as reduced them all to a 
mean equal length, each day being made to consist 
of 24 equal hours, each of which is subdivided 
into 60 equal parts, called minutes, and these 
into 60 other equal parts, called seconds, and so on 


in a sexagesimal progression; and these parts of 


time, thus reduced to an equality, constitute the 
mean or equal time, as it stands distinguished by 
astronomers from the unequal or apparent time, as 
measured by the apparent motion of the sun. 

In order to have a constant measure of equal time, 
Huygens, a man who added the acutest penetration 
to the most indefatigable industry, contrived a me- 
. thod of adapting pendulums to clocks, whereby their 


- motions are so exactly regulated, that in one, who 
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rnovements are righ oy adjusted, the seconds, mi- 


nutes, and hours, are for some time pointed out with 
the greatest exactness. 


The principle of motion in a clock is defived 
from * ee either of a weight or spring; either 
rces is sufficient to actuate or put in 

motion the system of wheels and pinions which 
compose the intermediate parts of the clock; the 


indexes, fixed on the axis, point out the proper sub- 


divisions of time on appropriate circles upon the face 


of the clock; and a pendulum or ballance is added, 


to regulate or render uniform the motion communi- 
4 to the machine. 

The force of the weight is ; derived. from the 
power of gravity, and this being always the same 
in a given quantity of matter, the force of the 
weight may be considered as the constant quantity, 
or always remain the same in the same medium, 
and is therefore an uniform power or principle of 
motion. 

If the pendulum he put in motion by a push of 
the hand, it will continue to move backwards and 
forwards till the resistance of the air, or the friction 
at the point of suspension, destroys the original im- 
pressed force. But, at every vibration of the pen- 


dulum, the teeth of the erown- Wheel acts upon the 


pallets, 80 that after one tooth has communicated 
motion to one pallet, it escapes, and the opposite 
tooth acts upon the opposite pallet, and escapes in 
the same manner; and thus each tooth escapes after 


having communicated its motion to the pallets in 


such manner, that the pendulum, instead of being 
stopped, continues to move. 
Let FG E, plate 2, fig. 15, represent the swing⸗ 
wheel of a clock, that is to evolve in the direction 
EGF; let C and D represent the pallets moveable 
on an axis at A, and so connected with the pendu- 


lum AB, as to be made to vibrate along with it. Sup- 
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pose the ball to vibrate from R to B, one of the eh 
of the wheel resting against the pallet C, whose 
figure is seen enlarged at IK L; when the pendulum 
returns towards Q, the pallet, C, is drawn out, the 
wheel pressing first along the plane IK, and after- 
wards on the inclined plane K L; the pressure of 


the wheel on K L pushes the pallet, or assists its 


motion, till at length the tooth slips off the point L. 
During this time the pallet D, whose figure is seen 

at PN O, is carried in between the teeth on the 
other side of the wheel „so that when the wheel 
escapes from the pallet C, another tooth drops on 
the plane, NP, of the pallet D; the returning vi- 
bration again draws out the pallet, the tooth of the 
wheel assisting its motion by pressing along the in- 
clined plane, N O, till it escapes at O. At this in- 
stant the pallet, "ol has acquired its original situation, 
and therefore receives the adjacent weeks and the 
whole proceeds as before.“ 


The piece of mechanism I have just describe, 


is termed the dead- beat escapement, because the se- 


cond hand, in clocks of this construction, falls with 
a dead stroke without recoil on the division line of 
the dial, and remains motionless during that part of 
the vibration in which the tooth rests on the prone, 
I'K or PN, of the pallet. ; 

From hence it is easy for you to see, chat it is, 
Ist. The weight that turns all the wheels, and at 
the same time continues the motion of the pendulum, 
2d. That the quickness of the motion of the wheels 


is determined by that of the pendulum, | 3d. That 


the wheels point out the parts of time divided by the 
uniform motion of the penduunmmn. 


Considerable irregularities in clock-work arise 
from the tenacity of the oil applied to the moving 


Fine, for the on 18 less Rag in cold Wen in n hot 


* Maul, 8 bull to Were Philosophy, vol. i. p. 88. 
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an axis. 1 | 
In all that I have hitherto said, the length of the 
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weather; and any diminution in its fluidity tends 
to destroy the momentum which the pendulum 


had acquired, as well as to diminish the maintain- 


ing power by its endeavour to overcome the ri- 
gidity of the cooled oil; the action on the pallets 


will therefore be less forcible, and the vibration 


will be less. To avoid this defect, as far as re- 


lates to the suspension of the pendulum, it is usual 


to suspend it by a straight flexible spring, instead of 


pendulum of the clock has been considered as inva- 
riably the same; but the contrary happens in prac- 
tice, for heat dilates, and cold contracts all metals, 
by which means the same pendulum is longer in 
summer than in winter, and the clock consequently 
goes slower.“ > EE. 
Various expedients have been thought of for cor- 
recting this imperfection; all of these, except one, 
depend on the opposing expansion to expansion, in 
such manner that the one shall shorten the pendulum 
as much as the other lengthens it. 
Tbe only method that does not depend on the 


above principle, is by making the pendulum-rod of 


the straightest grained wood, because the longitudinal 
expansion is so small, that it answers with sufficient 
accuracy for ordinary purposes. Deal wood makes 
very good pendulum-rods; the wood called sapa- 
dillof is said to be still better; baking, varnishing, 


gilding, or soaking these woods in any melted matter, 


is said to render them less accurate, and that they 
should be simply rubbed on the outside with wax and 


acloth, 


E If the rate of the going of a clock is too fast, it is easily re- 
gulated by letting down a little the bob of the pendulum, by un- 
screwing a small screw usually placed under it for that purpose; 
and if the rate is too slow, by screwing it upwards, Ebrr. 


Cummings Elements of Clock Work, p. 92. 
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Of the various contrivances to remedy this evil 
by contrary expansion, I shall mention only one, 
namely, the gridiron-pendulum. * The expansion of 
brass is allowed to exceed that of steel in the pro- 
portion of five to three; on which supposition, if 
any piece of steel by the application of a certain de- 
gree of heat, expands three-tenths of an inch, a piece 
of brass of the same length will expand five-tenths 
of an inch. 

Now, as the whole length of the brass expands 
five-tenths of an inch, and the expansion through the 
whole is supposed uniform, if it be diyided into fiye 


equal parts, each part will haye expanded one-tenth 


of an inch; if, therefore, we take away tworfifths of 
its whole length, the expansion of the remaining 


_ three-fifths will be three-tenths of an inch; conse- 


quently, the expansion of a bar of steel is equal to 
that of a bar of brass three-fifths its length. 

Let AB, plate 2, fig. 16, represent the length of 
any given pendulum, to which a gridiron is to be 
applied. Bisect AB in C, and make BD, DE, EF, 
each equal to CB, the half of AB; then AF wil be 
to B F, or HG, as 5 to 3, 

If, therefore, AF be steel, and HG be brass, 
their contractions and expansions, with any degree 
of heat and cold, will be equal; and if the brass bar, 
H G, be firmly attached to the steel bar, at their ex- 
tremities F G, and the steel bar be suspended by the 
point A, the brass bar will expand upwards, as much 
as the steel bar downwards, and the points, A and 
H, will always keep the same distance from each 
pier: © Consequently, 

If a pendulum be constructed, whose point of gc- 
pension is A, and its center of oxcillation H, it can 
neither be lengthened nor dor bene by any change of 
heat and cold, 


pp” Introduction to Philocophy, vol. i. p. 9}. 
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It appears, that whatever be the length of a pen- 
dulum, thee half lengths must be of steel, and 


one half length of brass, in order to have as much 


expansion upwards as downwards; and when the 
whole length of the bars is thus ascertained, they 
may be cut into several lengths as may best suit the 
purpose. oy | JAE | 

Always observing, that the expansion of the steel 
tends downwards, and that of the brass upwards; 
in which case they will ballance each other, without 


regard to the number of pieces into which they are 


cut; for the effect of the whole consists of the ef- 
% ⁰ / ( oe Rene 

If the steel bar, AF, be cut into three unequal 
lengths, and the brass bar, H G, into two, and those 


five pieces be applied and connected with each 


other, as in plate 2, fig. 17, the brass bars will expand 
upwards, as much as the steel downwards; and the 
center of oscillation, B, always keeps the same dis- 
tance from A, the point of suspension; nor will 
the expansion of the little cross pieces that connect 
the bars be of any effect, as they only act laterally. 
Though in theory five bars only are necessary for 
constructing a gridiron, nine are requisite in prac- 
tice;* and in order that the bar, to which the pen- 
dulum is immediately suspended, may be equally 
Supported on each side. From plate 2, fig. 19, you 
will see clearly, that the corresponding bars on each 
side the center co-operate in such manner, as to 
move both ends of the cross-bars equally, and by 
that means prevent such bending of the upright 
ones, as must otherwise happen by the weight of the 
ball B. These additional, bars properly applied, do 


not increase the expansion. 


Plate 2, fig. 18, represents the manner of connect- 


. 


Ing the bars in a gridiron-pendulum. The bars are 


* On the supposition that steel and brass are the metals used. 
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represented as broke in the middle: the letters on 
the round bars denote the metal of which each is 
made; and that part of the middle rod which is 
above the cross-piece E, serves only to keep the 


three bars on each side thereof in the same plane 


with the two outside ones: it also answers a like 
purpose at the lower end of the gridiron, and is 
pinned only at the cross-piece E; moving freely, 
but without shake, in the pieces C, D, F, and G. 
The upright bars are generally connected towards 
the middle by one or more cross- pieces: to prevent 
any trembling that might arise from their elastic 
flexibility, these pieces are pinned to the two ex- 
treme bars, and allow the other seven to move 
freely. e Cor Epnl E : 

Im all this it is supposed, that the expansion of 
the brass is to that of steel exactly as five to three, 
and that all the dimensions are accurately laid down. 


If the contrary appears, the gridiron may be adjusted 


by shifting the cross-piece, F, upwards or down- 
wards, as occasion may require. | _ | 

Before we proceed to a fresh subject, I shall beg 
leave to say a few words on the nature of time; as, 
unless you are able to form abstract ideas of time 
and space, you will never truly apprehend spiritual 


subjects; whereas just notions tbereof will throw 


very important light on religious and metaphysical 


speculations. If nobody ask me what time is, 


says St. Augustine, I think I know; hut if any 
body ask me, I cannot tell:” and indeed it is not 
easy to give a clear idea thereof. Are days, and 
months, and years, descriptive of time? Days, and 
months, and years, are measured by the laws of 
motion; but the measure is different from, and 
only relative to time. Time would be, were days, 
years, and months, to be confounded. Lord Mon- 
haddo defines time as the measure of the duration of 


things e that erste in successo, by the motion of 
the celestial bodies. 

All the subjects to which time is applicable, are 
wit to be in time; and are all, some way or other, 
affected by time. But it 1s evident, that beings 
which suffer no change in substance, qualities, nor 


energies, cannot; without some restriction, be said to 


be in time. of this kind we conceive the Divine. 
Being to be. FA 
For time cannot be applied . to any CY of stable 


and permanent duration, without change or variation 
of any kind; but only to beings that are in a con- 


stant flux, and always changing, either as to their 
substance; or their qualities and © energies. The 
commori distinction, therefore, betwixt eternity and 
time appears to be well founded; the former only 
applying to a being without change or variation of 
any kind; the latter, to beings which exist only by 
suecession. Of the first kind we believe the Deity 
to be, in whom is eternity, and who is without 
change, or shadow of change. Eternity infers im- 
mutability, nor was ever separated from it in the 
minds of men; for all who believe a God, believe 
not only that he always was, but likewise that he 
continues without variation' the Same, Fee to- 
day, and for erer. 

Without body moving by a motion revolving | into 
itself; we cannot conceive any standard or measure 
of time, Hence, if the visible world had a begin- 
ning, it is easy to conceive a period when there was 
no time; and again, if this visible world should be 
totally destroyed, a period will be when there will 
be no time: for in both these cases, there is neither 


a subject to which the duration of time can be ap- 


plied, nor is there any standard or measure for it. 
t is only, therefore, in the material world that there 


can be such a thing as time. Hence St. /n speaks 


be 
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of this annihilation of time: © And the angel which 


I saw stand upon the sea and the earth, lifted up his 
hand toward heaven, and swore by Him that liveth 

for ever and ever, &c. &c. that there should be time 
„„ , Og 
The efflux and succession of time is owing to the 
power and will of God, and may, therefore, only 
take place among certain orders of his creatures. 
Mr. Locke says, we obtain our notion of time by ob- 
Serving a succession of ideas. We may readily allow 
him, that this way we come by the measures of time 
which we use in computation: but succession im- 
plies a previous idea of first and last, before it can 
be attained; for, a variety of ideas affords us no 
notion of succession, unless we perceive one came 


before the other. Nor will their degrees of vivid - 
ness or faintness answer the purpose: for, suppose a 


man to stand with a candle in his hand between two 
glasses, he will see a number of flames in the glass 
before him, each fainter than the others; yet the 
whole scene will appear quięescent, nor exhibit any 
idea of succession: and the ideas of things in our re- 
membrance, though fainter, as more remote, would 
do the like, unless we had another idea of prece- 
dence annexed to them: so that our idea of prece- 
dence seems to be original; not derived from“ any 
other, but attained by our manner of existence, ex- 
tending to the length of time wherein there js a first 
EE Tn "7 
Mr. Locke equally erred, when he attributed the 
length of duration to the quick succession of ideas, 
and its shortness to a slow succession; for, the 
length or sbortness depends on the states of the 
mind, not on the quick or slow succession of ideas, 
Time, it is true, appears long when a man is im- 
patient under any pain or distress, or when he 1s 


| eager in expectation of happiness, On the other 


. 
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hand, when he is pleased and happy in agreable . 


versation, or delighted with a variety of agreeable 


objects, time flies away and appears short. 


Now, according to Mr. Locke's notions, in the 


first of these cases the succession of ideas is very 


quick, and in the last, very slow; the contrary of 


which appears to be true: for, when a man is racked 
with pain or with expectation, he can hardly think 


of any thing but his distress; and the more his mind 
is occupied by that sole object, the longer time ap- 
pears. On the other hand, when he is entertained 


with cheerful music, with lively conversation, and 


brisk sallies of wit, where the succession of ideas is 

quickest, the time appears shortest. „„ 
Dr. Clarke, by confounding the ideas of successive 

and unsuccessive duration, advanced a strange para- 


dox, which he thus expresses: How any thing 


can have existed eternally, that is, how an eternal 


duration can be actually past, is utterly unconceiva- 
ble; and yet, to deny that an eternal duration is now 


actually past, is an express contradiction.” Now, 
he should have said quite the contrary; namely, 
that to maintain that an eternal duration is actually 
past, is altogether repugnant and contradictory. It 
is indeed not only unconceivable, but absolutely im- 
possible. Wherever there is a last, there must be a 
first: now, in eternity there can be no first, and 
therefore no last. Whatever is successive cannot be 
eternal: no additions of finite suecessions can make 
absolute infinite. 8 1 | „ 

This subject cannot be considered too closely, if 
you wish to avoid the errors of modern materialists; 


for, you will find one of them declaring, that he can 


easier admit the non- existence of God himself, than 
the non- existence of space or duration: thus con- 
ceiving, as Mr. Hindmarsh has justly inferred, time 
and space, which in themselves are unsubstantial, 
inanimate, and destitute of intelligence, to be more 
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necessary and independent i in their existence, than 


him whom we call God. 


I will conelude, this part of the present Leeture 
with a short extract from that part of Mr. Tucker's 


Light of Nature, which he terms, The Vision. 0 


And there stood before him an angel; his coun- 
tenance was mild and lively, and his raiment white 
and shining. He had spangled wings growing from 
his shoulders, his sides, and his legs. And he said, 
O man, come along with me: I will teach thee 
what to think of glories thou canst not comprehend, 

and make thee more sensible of the infmite distance 
between the creature and the Creator.“ So saying, 

he took me up, and carried me to the utmost bounds 
of the universe. And he said, Try now if thou 


canst create a new world beyond this. And I said, 


Far be it from me to attempt incroaching upon 
the divine prerogative. Thou knowest I am poor 


and weak, unable to act without corporeal instru- 


ments; and the little power I have, is given me. 
And he said, I know thy weakness; that the power 


18 not e nor do I expect that thou shouldest 


operate. I am commissioned for thine instruction. 
Know, then, that creative power awaits thy direc- 
tion, for a trial of what thou canst perform by it.“ 
© Alas!* said I, I know not where to begin, nor how 
to proceed! 

And he said, Stretch forth thy right-arm, and 
thrust it straight from thy side.“ And I essayed, 
but could not thrust it out. Not that I found any 

thing to resist me; but when my arm came to the 
utmost verge of the universe, it seemed as if I had 
lost the use of it, so that I could not move it further. 
And I asked the angel, Wherefore cannot I move 
my arm this way? I can thrust it above or below, 


before or behind me; but I cannot stretch it out 


from my side.“ And he said, Because there is no 
space to receive it.” And I said, Since it hath 80 
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pleased the creative power, and this for mine in- 


struction, may there be space. And he said, Put 
forth thine arm again.“ And I put it forth with 
ease straight from my side, as I could have done any 

other way. 

And he said, Wave now thy fingers to and fro; 

moving them in order, one after another.” Accord- 
ingly, I endeavoured to do as I was bidden, but 
could not perceive whether my fingers moved or not; 
for I had the same feel as at first, when I stretched | 


out mine arm. Wherefore I asked, * Why cannot 


[ perceive whether my fingers move, or no?' And 
he answered, * Because there 1s no time; neither 


without time can there be a succession of ideas or ; 


motions.” Then I said, May time begin her course:“ 
and presently I felt my fingers move to and fro, in 
in the manner I had intended to move them. 

And the angel said, Now will space continue, 
and time run on her-course, for ever; until the same 
power which gave them birth oball interpose to 42 
stroy them. 
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ox THE COMMUNICATION OF MOTION BY 
COLLISION. 


1 Philosophy! is little else than the measur- 
ing of such motions as are obvious, or accounting 
for such as proceed from an hidden cause. I have 
already explained many of the one, and described 
the measures of the other. I have now to consider 
the laws of communication of motion by collision. 
Little more can be expected than the statement of 


these laws; for philosophy is still unable to explain 
how one body becomes possessed of a power of com- 


municating its motion to another. 


The laws of motion I am here going to explain, 


arise from a principle laid down in the beginning of 


these Mechanical Lectures; namely, that action and 


re- action are equal, and in contrary directions. 


If a body impinges against another body, moving 


m the direction of a line which joins their centers of 


gravity, the two bodies mutually act on each other, 


in any given instant of their collision, with equal 
forces; which equal forces will always have the 
effect of retarding the striking body, and acce- 
lerating the body struck, if it moves in the same di- 


rection with the striking body; and of retarding „ 


jf it moves in the contrary direction. 

This mutual action and re- action of bodies may 
be illustrated by supposing a spring, in a ſorm of an 
helix, the axis of which coincides with the direction 
of the motion, to be interposed between the two 
bodies; then in whatever degree the spring is com- 
pressed, it will exert the same elastic force on each 
of . bodies, the inertia of the spring not being 
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on both sides. 
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considered. When the spring first begins to be 


compressed, the force by which it retards the strik- 


ing body, and accelerates the body struck, is the 
least of all; it afterwards will continually increase 
during each successive instant, till its compression 
is the greatest possible. The intensity of this force 
may vary according to any imaginable law; but 
whatever may be the variation, it will act equally 
When the two bodies have acquired a common 
velocity, the spring can acquire no further compres- 
sion, and may then begin to restore itself with vari- 
ous degrees of force, from O to the force with which 
it was compressed. When the restitutive force is 
equal to that of compression, the action of the spring 


will be similar to that of perfectly elastic bodies. 


Motion cannot be communicated to any body 
instantaneously, but. must be produced by gradual 
acceleration; it not being conceivable that any 
really existing body should pass from quiescence 
into finite motion, or from one degree of finite mo- 
tion to another, without having possessed all the 


intermediate degrees of velocity. 


Suppose a spherical body to impinge o another 
body of the same form, moving in the same direc- 
tion with the line which joins their centers, and let 
both of them be perfectly non- elastic. . 

When the surfaces of these spheres are just in 
contact, the distance of their centers will just be 
half the sum of their diameters; but as the figures 


are gradually changed by the impact, their centers 


will become nearer than before. During the time 


of their approach; the center of the first ball will 
move with a greater velocity than that of the ball 


struck, and the resistance which the spheres oppose 


to the change of their figures, will act equally in 


both spheres, but in contri; directions; that is, the 
force by which the striking body is resisted, will 
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urge forwards the body struck; which, therefore, 
will be gradually accelerated, and the striking ball 
retarded, until the centers are at their greatest dis- 
tance, 'the change of the bodies figures being then 
the greatest; at which instant all acceleration of the 
ball struck, and retardation of the striking ball, 
ceases, and the two centers begin to go on with a 
common velocity. | 
This reasoning, concerning collision of bodies, is 
_ Equally applicable to the case in which both bodies 
are non-elastic, as when one 1s perfectly non-elastic, 
and the other perfectly hard. It is likewise equally 
applicable to the collision of bodies which are elas- 
tic in any degree, so far as regards the velocity 
communicated to the body struck, during that small 


but finite portion of time in which the figures of the 


| $pheres receive their greatest change, their centers 


then beginning to go on with a common velocity in 


bodies of every kind of texture.* 


\ 


OF ELASTICITY. 


The action whereby bodies, whose figures are 
changed, restore themselves to their former figure, 
is termed elasticity. An elastic body is, therefore, 
one, whose figure being changed, it recovers, or has 
a tendency to recover, its figure. N 
There are in nature, as you have already seen, 
varieties of activities; in some of which the causes 
are rendered manifest by experimental inquiries; in 
others, and among these we may reckon elasticity, 
where no cause at all is discoverable by the senses. 

A variety of experiments prove the existence of 
an elastic force. The separation of two bodies after 
impact, is a proof of elasticity. Metals, semimetals, 
stones, gems, fossils, cartilages, most fluids, as air, 


8 See Atwood on Rectilinear Motion. 
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md even water, exert an influence opposite to the 
direction of the force compressing them, and disco 


ver a tendency to return to their natural state: which 


tendency is in all of them imperfect, and less than 
the force impressed; but most perfect 1 in glass, ivory, 
hardened steel, and cartilages. 

Elasticity is increased by augmenting the density 
of a body: thus metals are rendered more elastic by 
being beaten by a hammer; and their elasticity, 


which was scarcely sensible before, by this process 


becomes very sensible. Steel is more elastic when 
tempered, and its density is increased in the ratio of 
7809 to 7738. 

Elasticity is sometimes increased by cold; thus 
the range of a cannon-ball is said to be greater when 
the cannon is cold, than when heated; and the 
string of a violin, or a steel lamina, is inflected, and 


also recovers its situation, with less force i in hot than 


in cold weather. 

Metal fibres, and thin Sod lamine, exhibit no 
clasticity, unless stretched to a certain degree, and 
inflected by a certain force; as appears from lax 
cords, which, if a little stretched and removed from 


their natural state, discover no tendency to return 
to it; and when the inflexion of a fibre is very 


great, the influence of elasticity seems to be in some 
cases annihilated; as appears by the fibres of wood, 
which, inflected to a certain degree, remain quies- 
cent, and have no tendency to recover their former 
Situation. The limits where' the elastic PUNE”: be- 


gins, or where it terminates, are unknown. 


Motion is supposed to be communicated or 455 
fused, in elastic bodies, from the point of impact to 
the remote parts; and this supposition is grounded 


on the following experiments. 


Here are two ivory balls suspended, $0 chat their 
centers are in one line. The surface of one of 


them, B, is fresh painted. By letting them toueh 
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each other gently, A has received a small point of 
paint upon its surface. Now I shall raise the ball A, 


80 that it may impinge with some violence on B, 
and it is evident that the surface of each ball has 
been flattened by the blow; for there is on each a 
circular mark, shewn by the paint struck off, and 
the other by the paint received; and, as the balls 
retain their spherical figure after the impact, it is 
| clear that the parts of the surface not only lost, but 
recovered their figure. 5 PE 
Two glass balls may, with a proper degree of ye- 
locity, so impinge on each other, that the interior 
parts of the ball will be broken, though the exterior, 
contiguous to the point of impact, be unbroken. 
Suspend two 1vory balls from the same point, 
strings of the same length, and let the smaller ball 
A, impinge upon B, at rest, with a given velo- 


city. A will be reflected always to the same 


height, and B will be impelled to the same height. 


But if either A or B be hollowed, and lead inserted 


in the center, or near to the posterior surface, neither 
ball, though the weight be the same, will ascend as 
high as before the insertion of the lead. The pro- 
gressive motion of the parts from the point of impact 
is stopped by the insertion of the lead; and conse- 
quently, the force of restitution and the change of 
figure, is less than before it was inserted. 

The motion diffused from the point of impact to 
the remote parts of an elastic body, is continued for 
some time, and diminishes gradually till it vanishes. 


and there seem to be two kinds of vibrations in the 
parts of an elastic body; one of which is quick, and 


called a tremor of its minute parts; and the other 


slower and longer, by which its figure is changed, 


and an impinging body repelled. 

A stroke or friction upon the edge of a glass, 
communicates a tremulous motion to the parts of 
the glass, which is visibly communicated to the 
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water. A reed or stick placed across the bottom of 


a large glass bell, will fall when the glass is struck, 
the stroke producing a change of figure. If you 
hold a piece of metal near the brim or lip of a bell, 
without touching it, and the bell be stricken by a 

hard body, you will see it touch the piece of metal, 
and will hear a succession of sounds gradually decay- 
ing. If the edge of the bell be pinched, and the 
fingers be suddenly withdrawn, the same sound is 


heard, without producing any sensible motion to- 
| wards the piece of metal, or displacing the 2 


across it. 
Those laws according to which al terations are pro- 


duced in the. rest and motion of bodies upon their 


collision, are called the /aws of communication of 
motion. | 
When one body strikes against another; 1 the 


line of direction of the impulse passes through the 


center of gravity of both the bodies, the impulse is 
called full or dis ect, otherwise it is called an oblique 


impulse. 


The relative velocity of two bodies is that velo- 


city with which they approach to, or recede from 


each other; and 1s equal either to the ens of 
the velocities of bodies moving the same way, or to 
the sum of the vclocities of bodies moving contrary 
ways: for, if one of the bodies were at rest, and the 
other moved towards it or from it, with the fore- 
mentioned difference or sum of velocities, the body 
in motion would approach to, or recede from, the 


body at rest, just as fast as the two moving bodies 


approached to, or receded from, each other. 
If two bodies move in the same direction with 

equal velocities, they are relatively at rest. 

When the impulse is direct, and the bodies as 

void of elasticity, the laws of the communication af 

wotion: are these that follow: | 
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1. In all cases, the velocities after he stroke are 
"owls for, the impulse ceases when the 1 impinging | 


bodies are relatively at rest, and not before. 

2. If two bodies move the same way, and in the 
tame right line, that which moves fastest will over- 
take the other, and the sum of their motions will be 


the same after the stroke as before: for, by the third 


law of motion, so much motion as the lowest body 
gains, the swiftest body loses. 

3. If two bodies move contrary ways, the sum of 
their motions after the stroke will be equal to the 


difference of their motions before the stroke: for, 


whilst the strongest motion destroys the weakest, it 
loses also an equal pane of itselt, by the third ow of 
motion. 

4. If the sum of two conspiring motions,. or the 
difference of two contrary motions, be divided by the 
sum of the quantities of matter in both the moving 
bodies, the quotient will gve their common velocity 
after the stroke, _ 

5. If the velocity after the stroke be multiplied 
into the quantity of matter in each body, the pro- 
ducts will express the quantities of motion in each 
body after the stroke,  _ 

F4 The difference between the e of mo- 
tion i in either of the moving bodies before and after 
the stroke, is equal to the quantity of the stroke. 

Example 1. Let a ball of three ounces, movin 
with nine degrees of velocity, overtake another ball, 
ol two ounces, moving with four degrees of velocity; 


then will the quantities of motion before the stroke 


be 27 and 8, the common velocity after the stroke 
will be 7, the quantities of motion after the stroke 
will be 21 and 14, and the quantity of the stroke 
Will be 6; 0 

| ana, apr 2. Let the same balls move with the 
tame velocities contrary ways; then will the quanti- 
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ties of motion before the stroke be as before; the 


common velocity after the stroke will be 34, the 


quantities of motion after the stroke will be 114, and 
755 and the quantity of the stroke 153. vor 
Wherefore, if two equal bodies move in contrary 
directions, with equal velocities, as soon as they 
strike, both the motions will be destroyed. And if 


a body in motion strikes against an equal body at 


rest, it will communicate half its velocity or half its 


motion. And if one moving body overtakes another 
moving body equal to the first, the common velocity 


after the stroke will be equal to half the difference 
of their velocities before the stroke. But if they 
move in contrary directions, the velocity after the 
stroke will be equal to half the sum of the velocities 
before the stroke. 

7. If a moving body rikes against an immoveable 
obstacle, after the stroke the whole motion will be 
ame, and the quantity of the stroke will be 

ual to the whole quantity of the motion. 

8. If the moving body gravitates towards the im- 


moveable obstacle, as when a stone falls upon the 


earth, the quantity of the stroke is equal to the sum 
of the quantity of motion added to the weight of the 
moving body; for the weight remains upon the ob- 
stacle when the impulse is destroyed. 

The sum of the motions of two bodies void of 
elasticity, may be less after the stroke than it was 


before, but it cannot be more. 


9. If a body moves after the stroke the same way 
that it moyed eg the difference of the velocities 
before and after the stroke will be equal to the velo- 
city lost or gained. Thus, in the first example, the 
velocity lost is 2, and the velocity gained 3. 

10. If the qirection of the motion after the stroke 


be contrary to the direction of the motion before the : 


stroke, the sum of the velocities before and after the 
stroke will express the quantity of the velocity gained. 
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Thus, in the second example, the velocity lost! is 555 
the velocity gained 72. 


When the impulse is direct, and the bodies per- 


fectly elastic, the laws of the communication of mo- 


tion are different from the foregoing. For, 

1. Upon the collision of two elastic bodies, the 
force of elasticity is equal to the force of compression; 
and the force of compression in each body 1 is equal 
to the quantity of the stroke. | 
2. The whole force of elasticity, exerted: at the 
_ restitution of both the springs, is double the quantity 
of the stroke; for it is the result of two forces in 
contrary directions, each of which is equal to the 
quantity of the stroke. Or it may be conceived 
thus: the sum of the elasticities is equal to the sum 
of the quantities of the stroke in both bodies toge- 
| ther; that is, to double the quantity of the stroke 
in each single body. 


3. The effect of the elasticity in each body will 


be equal to the effect of the stroke, and in the same 
direction; for the two equal and contrary elasticities 


in the former case, are equivalent to action and re- 
action in the latter. 


4. Wherefore, to find the velocity of either body 
after the collision, first, find the common velocity 


with which the bodies would move after the stroke, 


if they had been yoid of elasticity, and find also the 


velocity lost or gained; then subtract the velocity 


lost from the common velocity, or to the common 
velocity add the velocity gained; so shall the diffe- 
rence or sum be the velocity sought. But if the 
velocity lost be greater than the common velocity, 
then subtract the common velocity from the velocity 


lost, and the remainder will give the velocity Sought, 


In a contrary direction. 
Thus, in the first example before stated, if we 
puppoSe | the * to be elastic, the velocities after 
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collision will be 5 and 10, and, consequently, the 
quantities of motion will be 15 and 20. A bir 

In the second example, the velocities ſoy — 
sion will be 1+ and 113, and the een of motion 
A+ and 235. 54. 0] . 

For a third example, let us 5 suppose two bodies i in 
proportion as three to two; the first at rest, and the 
second moving towards the first with 40 degrees of 
velocity: then will the quantities of motion before 
the stroke be O and 80, the common velocity after 


the stroke 16, the quantities of motion after che 
stroke 48 and 32, the quantity of the stroke 48, the 


velocity gained 16, the velocity lost 24, the veloci- 
ties after the restitution of the springs 32, and 8 in 
a contrary direction; the 1 of motion Wale 
collision 96 and 16. 

In the first example, the sum of che 5 motion "bes 


fore collision is equal to the sum of the motion after 


collision; in the second, it is greater; in/ the third, 

less. 5 
Two elastic bodies A evans from on other 

after collision, and that with the same relative velo- 


city with which they tended towards each other be- 


fore collision. Thus, the relative velocity before 
and after collision is 5 in the first example, 13 in the 
second, and 40 in the third. | 

And in all cases, whether the impinging baden 
are elastic or not, the sum of the motions in the 
same direction, id the difference of the motions in 
contrary directions, are the same both before and 
after collision. 

If two equal elastic made move comands 590 oY 


other with equal velocities, they will recede ffom 


each other after collision each with the same velo- 
city. If one of them in motion strike against the 


Other at rest, it will communicate the whole velo- 


city, and remain at rest itself. If one overtakes: the 
other, they will interchange velocities, and continue 
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to go on the same way as before. If they meet each 
otber with different velocities, they will interchange 
veloeities, and fly off from each other in contrary 
ae Ty ' 


- 
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I an elastic body strikes upon an immoveable 


elastic obstacle, it will rebound with the same velo- 


eich wat it came. 0 
If one of the impinging bodies be hard, and the 


other elastic, the laws of the communication of mo- 
tion are the same as if both the bodies were elastic; 


for the spring will give way, till the force of elasticity 
becomes equal to the force of compression, that is, 
double to the quantity of the stroke in each body; 
and the re- action of a hard body against double the 
quantity of elasticity, will produce the same effect 


as a single quantity of elasticity in each body, acting 


in contrary directions. 3 
If the impulse is oblique, it must be resolved 
into two impulses, one direct, and the other pa- 
rallel to the tangent at the point of collision. The 
effect of the direct impulse must be computed ac- 
cording to the laws before mentioned: the parallel 
impulse will continue after the collision the same 
in all respects that it was before; nor will it pro- 
duce any other effect, except by means of the fric- 
tion to make the bodies revolve each about its own 
center of gravity. . | 
It often happens, that the communication of mo- 
tion is the indispensable means of obtaining some 


bother effect; thus it is used to nail and flatten 


bodies; in these cases it is not sufficient, that the 


striking body has a certain quantity of motion, but 


the mass or quantity of matter must be so pro- 
portioned with the velocity, as to produce the re- 
quired effect, without splitting or destroying the 
body struck. 66, 8 

In architecture there are many occasions, where 


it is necessary to driye piles; if the mass which 
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strikes the pile is small, it will not bave force suffi- 
cient to drive it; and 177 it be moved with consider- 
able velocity, it will split the head of the pile; a 
large mass must therefore be ased, moving with 
less velocity. If small hammers and a great velo- 
city are used to drive pivots of iron into large pieces 
of wood, the head of the pivot will yield, and yet - 


not be driven into the wood; whereas, the effect will 
be answered by using hammers of considerable | 


weight, moving with less velocity. 

Gold-beaters, and 'other workmen who flatten 25 
metals, make use of heavy hammers, and move them 
dowly; if they used small hammers, and moved them 
swiftly, the parts of the metal would be broke and di- 
vided by the strokes. 

To prevent the propagation of motion, Pry to 
deaden the blow, those that work in their chambers, 
and are obliged to use anvils, place the blocks that 
hold the anvil upon a roll of matting, or upon 
springs; without this precaution, great part of the 
force impressed by the hammer would be transmitted 
to the floor, and would create a shaking to the en 
judice of the building. 

The principles above laid down will assist you 
in explaining the recoil of cannon, ſusees, and 
other fire-arms; for you may consider the 'gun- 
powder as a spring which unbends or expands it- 
self in every direction, but which can only act 
efficaciously against the breech of the cannon and 
the ball. 

The action of the powder is chat of two equal- ; 
forces against two unequal powers of resistance, the 
ball = the cannon; it may therefore be supposed, 
ceteris paribus, to impress them both with an equal 
quantity of motion, but with different degrees of 
velocity; that of the ball being as much greater as 
its mass is less than that of the cannon, &c. 


— I ew ere wards 


230. ' GENERAL OBSERVATIONS 


The cannon, the musket, &c. especially if you 


take into the account the obstacles which retain 
them, are much more difficult to move than the ball 


with which they are charged, which, of course, re- 


ceives from the inflamed powder a much greater 


degree of velocity. |, 


There are other circumstances which contribute 


to augment the velocity of the ball, as the length 


of the piece, &c. which do not come properly 


before us. As to the recoil in general, supposing 
the quantity and quality of the powder the same, 
a gun recoils so much tbe more as the bullet 
makes more resistance either by its weight or the 


wadding. Hoe tel 1 
A rocket flies upwards, because its lower part, which 


is fired, performs the office of a spring, which acts 


one way against the body of the rocket, and the 


other way against a volume of air; and as this spring 


is continually renewed by the successive inflamma- 


tion of all the parts of the rocket, its motion is ac- 


celerated, first, because it is contained in the body 
itself, and is therefore continually adding to its velo- 


City; and, secondly, because the weight or resistance 
of the rocket is diminishing every instant by the dis- 


sipation of the parts as they burn away. 


GENERAL OBSERVATIONS ON MOTION.“ 


If you take only a cursory view of the operations 
in nature, you must be convinced, that there is 


somewhere an imexhaustible source of impulse, though 
undiscernible by our senses: consider the dissolving 
power of menstruums, the violence of fire, the 


' * See Jones's Essay on the First Principles of Philosophy. 1 
| * Physiological Disquisitions, p. 27 and 64. 
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strong contraction of our heart and arteries, the sta- 
bility of heavy masses held down by the force of gra- 
vitation to the earth, the firms cohesion of bodies, 
and you must own all these must have some prodi- 
gious fund, though you know not whence to derive 


the force they exert. 


The heavens, the earth, and all the elements 
are in constant motion; the matter of the earth, 
&c. is constantly passing into the substance of trees 


and plants, and as constantly returning from them 


again in their dissolution; the sea is moved with 
tides and currents; the air is agitated with winds 
and storms; and light is continually flowing from 
the sun, stars, &c. to the utmost boundaries of the 
universe. | þ | ia 
Wherever the sources of this fund may be, or 
howeyer copious the supplies, they cannot answer 


All the demands made upon them by the constant 


collision and other sources of decay. Every time 
you clap your hands together, you take something 
from the stock of motion which is to carry on the 
operations of nature; but the collision occasioned 
by human actions are very trifles in comparison 
with that great quantity of force which is spent in 
the workings of nature. The bearing of rivers 
against their winding banks; the dashing of seas 
against the shore; the opposition of winds one 


against another, or from mountains; the systole, or 


contraction of circulating vessels in plants and ani- 
mals; but above all, the gravitation of bodies to 
earth and suns; the cohesion of compounds; the 
opposition of centripetal and centrifugal forces; 
the various repulsions, &c. which must all occasion 
every moment an immense consumption of force, 
and require things to be so congftgcted, that there 


may be continual recruits to supply the perpetual 


diminution. wh © 
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We hive no knowledge of substances, or of any 
den or of any thing, abstracted from the action 


nt 25 that thing or being. 


All our knowlege of things consists in the per- 
option of the power, or force, or manner of actin 
of that thing; that is, of the action of that thing 
on our senses, or of the effects of that thing on some 
other thing, whose action affects or is the object of 
our senses, and in the perception of the relations or 
ratios of these actions to each other: for if they pro- 
duce no alteration on the senses, if no change is 
perceived by the mind through the medium of the 
senses, we can have no evidence of their existence; 
every effect must be produced by some cause or 
„ . 

Every thing that you know is an agent, or has a 
power of action, for you know nothing of any being 
but its action, and the effects of that action; the 
moment it ceases to act it is annihilated as to you, 
you can form no notion of its existence. 

Whatsoever produces any effect or alteration on 
another thing, must possess a power NNE inherent 
or communicated. 


The property or quality of any thing | is dothing 
else but the action of that thing; and the different 
quality or properties of any thing or substance are 


no other than the different actions or action of that 
thing. 


For every arty must be occasioned by some 
cause, and you can have no conception of a cause 


without action. The power of doing something 

seems to be the first idea that rises when you con- 
template real beings; it is that which distinguishes | 

| them from being merely possible or ideal. 

The more you consider the subject, the more you 
avill find it necessary to admit of an active agency; 
for {we eftects . cannot possibly be the mere 
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effects of composition; for composition, however 


exalted or refined, is only the union or co- arrange 


ment of parts which before were separated, from 


which arises a certain order and relation more or 


less perfect, according to the quality and adjustment 
of such constituent and integrant elements. BET > 


But if such elements be themselves void of all 
energy, what can mere arrangement generate but. 
various passive relations and analogies? If indivi- 
dually th 


any kind? To suppose it, is a manifest absurdity; 
it is to suppose real energy can be generated out of 


nothing, or out of no antecedent subject; it is to 


suppose a realizing of non- entity, an evocation of 
something out of nothing. „„ 
When out of a block of marble the artist fashions 


a statue of Venus, he adds nothing internally to 
the marble; or when, from the fused mixture of 


salts and sand, the most beauteous forms are called 
forth, is any thing more effected than a new dis- 


position of parts which before existed in another 


disposition? But, in educing active composite 
from inactive elements, not only a new position 


takes place, but a real active quality is super- 


added, which did not pre- exist in the separate 

elements.“ „ 
Here, however, it is necessary for me to enforce 

upon you one consideration, that matter acts upon 


matter not by an essential but a mechanical power, 
that is, by its motion; for in the natural as in the 


moral world there is no power but of Gd. 
Motion is never to be considered as a thing by 


| itself, but as an effect, which, like all other effects, 


* Berrington's Immaterialism Delineated. 
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ey posses neither the power of action or re- 
action, of attraction or repulsion, will the most arti- 
ficial transposition or co-ordination produce in the 
composite either energy, or motion, or resistance of 


— 


240 ' GENERAL, OBSBRVATIONS 


must be referred to their proper causes; for the 
parts of the world have motion not of themselves, 
but as the limbs have by means of their connexion 
with the body to which they belong. | 
Ihe parts of every system have some general re- 
ference or connexion with one single point or part, 
by which ef become a kind of unity or onè system. 
In the animal, such connexion is held by means of 
the nerves, or nervous fluid, or both, 80 that all 
parts of the system have communication with the 
center. Whatever new part is so added as to be 
united to the common reference, becomes part of 
the same system. Whenever any part is so removed 
as to have no further reference to, or communication 
with the common center, it is no longer a part of 
that system. | 1 . 

It is absurd therefore, in accounting for the phe- 
nomena of nature, to consider the motion of any 
body abstractedly as a thing by itself, for no such 
motion exists in nature. 

I hbere is nothing insulated in nature: it is a system 
of parts connected and related, and every particular 
part must be considered under this relation, without 
which neither the nature nor design of it can be un- 
Aderstood. 5 
Io account, therefore, for the motion in the 
world, it must be taken as a connected system, and 
the effects considered as they stand related to their 
proper causes; and as motion is not a cause but an 
effect, there can be no motion without a cause of 
motion. If the effect be permanent, so must be the 

It is by no means necessary, that there should be 
but one cause of motion acting on a body at the 
same time. In many instances there is a concur- 
rence of causes contributing to the same effect. A 

ship may be at once moved by the wind and tide, 
and the cause that acts on projected bodies. 
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Desturles, in order to make the universe a mere 
independent machine, feigned, that natural bodies 
zre indifferent to motion or rest; that if at rest, they 
will continue so; if in motion, they will continue to 
move till they are stopped by some new force; thus 
endeavouring to frame a machine of a most extra- 
ordinary kind, of which there is no example in art 
or nature; a machine that continues to move after 
the moving power has ceased to act, and upon 
which it has no subsequent influence. It is a prin- 


ciple that naturally leads to atheism, for neither the 


power nor providence of God are necessary to that 
body, which moves to-day only because it moved 
yesterday.* 1 : 

Rest and motion are not only different in their 
natures, but so opposite, that it implies a contra- 
diction to suppose an equal disposition to either to 
be inherent in any body. Motion is positive, 1m- 
plying power or force wherever it acts; rest is a 
mere negative, in which body exerts no powers; it 
weighs, acts, or presses neither backwards nor for- 
wards, up nor down; it produces no effect, and is in 


the exercise of no power. Notwithstanding this con- 


trariety between rest and motion, yet are they con- 
founded together in this law of Descarte. 

Natural power may be properly defihed to be 
matter actually moving, or exerting a nisus to motion 
like a suspended weight; but there can be no power 


where there is no tendency to action; the same body 
cannot therefore, at the same time, be indifferent to 


the exerting of actual power, and to the exerting none 


at all. 


All natural life, whether animal, mineral, or ve- 
getable, or whatever characterizes matter to our 
senses, depend upon motion, activity, and power in 
matter, not on the inherent properties thereof; mo- 


* 


Jones' Physiological Disquisitions. 
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tion is therefore to be considered not as a natural 
condition of matter, but something superadded 
thereto, and constantly supported, to constitute life, 
variety, and mutability. 1 
Indeed so clear is this opinion, that we find even 
Dr. Clarke assert, © that all the great motions in the 


world are caused by some immaterial power perpe- 


tually and actually exerting itself every moment, in 
every part of the world; and further, that the very 


laws of motion cannot continue but by something 
superior to matter continually exerting on it a 


certain force or power according to such determi- 


ON PERMANENT MOTIONS IN NATURE. EX- 
TRACTED FROM THE REV. WM. JONES'S PHY- 
SIOLOGICAL DISQUISITIONS. | 


The absurdity of the foregoing principle of 


Descartes will appear more fully by transferring it 
to a paralle] case. Thus life 1s an effect as truly as 


motion; and as no body can continue to live with- 


out the constant operation of those causes which are 
acting for the support of life, so no inanimate body 
can continue to move without the proper causes of 
motion. When you are told, that bodies are indit- 
ferent to rest or motion, you learn no more than if 
you were told, in other words, that they are indifferent 
to life or death; and if you went on from this prin- 
ciple to assert, that a body ence moved would move 
always, unless there was something to step it, you 
would be as much mistaken as if you should af- 
firm, that the body which lives once will therefore 
necessarily live on till something interposes to kill it. 
In accounting for the nature of human life, he 
would be thought to assign a very mean reason, that 


should urge, a inan lived to-day only because he lived 


yesterday; for there are certain physical principles 
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on which the animal life is preserved, and withou 
which it cannot possibly subsist.” . 

In the same manner, a body continues to move 
only so long as the natural causes of motion con- 
tinue to act upon it, and rest, which is mechanical 
death, must inevitably follow. Absolute rest is ab- 
solute death, the privation of all power, all faculty, 
all instrumentality; it can suffer agency, but exer- 


cise none; it can fill up no place in a chain of being, 


because incapable of any agency even in the lowest 
degree subordinate. D 
Matter is active under certain cireumstances : 


wbere no cause or origin is apparent, among the 


different activities of which we have no experi- 


mental cause, or cannot by the senses discoyer 


their origin, you may reckon what we denominate 
life. Those also whereby bodies approach towards 
or recede from others, as attraction, repulsion, gra- 

« By considering the different kinds of motion 
observable in nature, you will find a uniform mo- 
tion in a right line to be very rare indeed; the far 
greater part are in curve lines, or with yelocities not 
uniform; the-wind blows with a serpentine motion; 
as may be discerned by tracing its impressions over 


a plane covered with snow, or a field of standing 
corn. The water of the sea is driven into waves; 


which rise and fall . alternately; the fire of light- 
ning descends in crooked lines; the clouds fly in 
curve lines; the planets move with unequal velo- 

city in their orbits. Light indeed moves in right 
lines; but whether its velocity is uniform at very 
great distances from its source; has not yet been 


ascertained. 


* When you consider motion as an effeet arising 


from impulse, you will always find that a body re- 


ceives its motion in the same direction with the aet- 
mg cause. ? | 1 185 0 
a2 
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« If the causes of motion are various, and in 
different directions, you have seen, that the body 
acted upon must take an oblique or compound di- 
rection; from hence it is clear, that a curvilinear 
motion cannot possibly be simple. Such a direc- 
tion must arise from the joint effect of different 
causes Wee at the same instant to act en 
the body. 

- (2 2A$-all motion is in the direction of its cause, 
it will follow, that when you see a body moving 

in any direction, you may affirm, that there is a 
cause acting upon it in the same direction; thus, 
if light bodies move outward from an electrified 
body, we conclude, that they are driven by a cur- 
rent of electrified ether, proceeding in right lines 
from the body. When you see the like bodies 
moving inwards towards the sphere, you must either 
conclude, as you did before, that there is another 
flux of matter in a contrary direction to the former, 
or give up one of the plainest principles in philo- 
sophy, that motion is in the direction of its cause. 
Bodies moving in contrary directions must therefore 
infer causes acting in contrary. directions. 

As all motion is in the direction of its cause, 
there can be no such thing as a power of attraction; 
all appearances from whence such a power is in- 


ferred must necessarily be resolved into impulse. If 


the earth attracts a stone by a power in the earth, 
the power exerts itself in a direction contrary to that 
of the effect, and can therefore never happen con- 
sistently with the laws of mechanism. 

In the motion of different bodies, it is observable, 
that some retain the motion they have acquired with- 
out any diminution, while others are soon reduced 
0 a state of rest. „ 

When a body maintains its motion without 
diminution, it is moved by such. a cause or causes 
as would renew its motion, if by any means it 


* 
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came to be stopped. If you stop the motion of the 
lungs by an effort of the muscles, the natural oauses 


which act upon the body tend to renew their motion, 


and cannot be easily hindered from effecting their 


Every lasting motion is of such a nature, that 


it will be renewed upon its own principles. If it 


were possible to stop the planet Jupiter in his orbit, 
or any of the satellites, the established causes that 
act upon them would renew their motion with- 
out any artificial impulse; for impulsion, in the 
sense it is commonly received, has no more share 
in any undecaying motion, than in the circulation 
of the blood in an animal, or the sap in a vegetable. 


The heavens are therefore moved by such causes as 


would renew their progress if it were possible for 
them to be stopped, otherwise their motion is not 


maintained upon physical principles. This is not 
meant as an objection to the schemes of motion 


deduced from the properties of curve lines, because 


geometrical without physical evidence will prove 


nothing on this subject. Motion is to be consi- 
dered as a fact wherever you find it, and must be de- 


rived from principles agreeable to the general order 


of nature. el I | 
+ Nothing can act where it is not, and therefore 
nothing can communieate its action to. any other 
thing which is at a distance from it, but by the in- 
tervention or communication of some middle thing 


or medium, which extends from one thing to the 


other. We perceive, that the sun communicates 
some kind of action to all the planets, by which 
they eireulate round it, and by which they are re- 
tained in their orbits; or gravitate towards itz 80 
likewise we observe, that the earth communicates 
action to bodies at a distance from it, by which they 
gravitate towards the earth: there must therefore 
be some medium, some middle thing, by which the 


246 PERMANENT MOTTONS IN NATURE, 


sun and the earth coramunicate action to other Pg 
at a distance from them. 

That two distant Leddes both ob; at rest, 
should be able to act upon one another without the 
assistance of any third substance, is to invest matter 
with a power of beginning motion itself, which is 
making motion essential to matter; and on this the 
materialist builds his system; it is a notion which the 
French 50#-disant philosophers have turned to the 
purposes of atheism. Nor need you have recourse 
to such a principle, for every thing proves to you, 
that there is active“ matter present where it is 
neither seen nor felt, as fire, air, elasticity, &c. and 
all the phenomena chat surround you e evince the con- 
tinuity of material agency. 

All the experiments made upon the 3 
which are the most useful experiments for advancing 
physical knowledge, tend to shew how matter inter- 
3 to produce such changes and motions as we 

bserve in bodies distant from each other. How 
does the sun act upon the fruits of the earth, but 
by the mediation of its light? How do the clouds 
water the earth, but by the mediation of air? How 
does the chemist produce 80 many changes, but by 
the mediation of fire? In short, wherever distant 
bodies affect each other, there is always something to 
mediate, whether it is or is not visible; and when 
this mediation gan be traced no further, natural phi- 
losophy terminates. Amuse not, therefore, your- 
selves with names and qualities which contradict 
the known laws of mechanism, and ne the 
operation of the elements. | 
In order to account for the lating: motion of 
the heavenly bodies, it is most agreable to analogy, 
denten and 4 e tO FI” a you: prin- 


** ' Not active * its own nature, but a eee to the mechan sm 
| of the world. 
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eiple of circulation in all fluid matter, which cir- 


culation certainly prevails in such parts of nature 
as are more immediately subjected to examina- 


tion, and may with propriety be extended to the 


sun itself, and the elementary matter in the celestial 
« Tt has been a question in philosophy, whether 


bodies can move in a space which is filled with mat- 


ter, commonly called a plenum? But this question 
cannot be answered without first considering the 


condition of the matter, and stating the circum- 


stances of the moving body. | 

« If the matter, so filling any space, is in a fluid 
condition, 80 that the parts ean slide freely over one 
another, 'they will be able to move m different or 
even contrary directions at the same time; and while 
the place of the whole mass continues the same, the 


place of the parts which compose it may change 


every moment. Fa | 

« The fulness of the space is therefore no ob- 
jection to a free motion of the parts of fluids among 
themselves, neither is it an objection to the motion 
of any solid body in such a fluid medium. 

* If a vessel be filled with water and closely 
stopped, any solid body that floats therein will move 
freely from one side to the other, or from the top to 
the bottom, because the parts of a fluid which are 
displaced before fall into the space behind, as the 
body leaves it; so fast as the body proceeds, just so 
fast do the parts of the fluid recede, without find- 
ing impediment or vacuity. Again, there may be 
fulness of matter and yet there may be motion, pro- 
vided there is a circulation among the parts of the 
medium. „ 0 HFre vt Op 

It is easy to foresee what will happen to any 
solid body moving in a fluid medium, by attending 
to the circumstances. When the body is moved by 
any artificial force or effort of violence, contrary to 
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the nature of the vc in which it moves, the 
parts of the medium in recovering their natural state 
will resist the motion of the body till the equilibrium 
is restored, and the body is at rest. 
8 Nut. if the motion of the body arises "HOY the 
motion of the medium, then the resisting nature 
of the medinm is no longer any objection to the 
motion of the body; for it is absurd to imagine, 

that the cause of motion can resist the motion which 
it causes. 

No inferences from hea resistance of mediums 
can lead us to the necessity of a vacuum. A va- 
cuum can only be wanted when a motion is pro- 
posed, which is independent of the action of every 
medium; but there 1s no such motion in nature; on 
the contrary, we every where find examples, of an 
unresisted motion, from A fluids in owing 
. mediums,” 

« At the extremities of the steel kw are two 
small lamps; over the lamps are two vanes of brass 
placed with contrary aspects, and inclined at an 
angle of about 45'; the rod is suspended on a 
point, so that the whole will turn freely. As soon 
as the lamps are lighted, the machine, you see, begins 
to turn freely upon its center; it now makes several 
revolutions in a minute, and will continue thus to 
move so long as the lights continue burning; and 
supposing the lights to have a continual supply, the 
consequence would be a ene motion in the 
machine. | 
art „Air is resisting 5 wot, instead of re- 
tarding the motion of the machine by its resistance, 
it preserves that motion by its impulse; and though 
the motion discontinues at last, it is not owing to 
any defect or irregularity in the cause, but by the 
imperfection of the materials; if these would but 
continue in the same state, the motion would be un- 
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of it snbs1st in the world. The causes of motion are 
not artificial, but such as are supported by nature 
itself in its regular mode of acting; these bin and 
continue the motion. 

Fe Thus, you see, if a 1 act as an impelling 
cause to à moving body, its resistance with respeet 
to the same body becomes of no account; it is in 
a manner annihilated, without removing a single. 


particle of matter. The like is true of all floating 
bodies; when the motion of the fluid conspires 


with the motion of the body, the body moves with 
the velocity of the fluid, and loses nothing by com- 
munication. In fluids which have a motion of their 
own, bodies-under proper circumstances will not 
lose motion, but acquire it. If the matter of the 
heavens has a motion of its own, the planets will- 
thence derive their revolutions, instead of daher re- 
tarded thereby. | 
© In all these experiments, where there can be no 
reasonable doubt about the explanation, matter is 
found. to act upon other matter for producing the 
effect; and we are able to trace this in such a va- 
riety of instances, that unless the world is governed 
by opposite and contradictory principles, the same 
rule must obtain throughout the whole. 

©, The body of man, which is the highest piece 
of machinery * in nature, is made to see, hear, and 
speak, upon mechanical principles; and it, dies 


without the constant impression of a material force 


upon it from the element of air. By the pressure | 


of the atmosphere, the mercury is made to rise in 


the tube of a barometer; hail, snow, and vapours . 
are formed therein by its different. temperatures; 
clouds are sustained by and driven about in it; 
plants grow and are nourished by it; and for those 
effects, where the cause is not so obviaus, we have a 
more subtile element, that of fire or light; light as it 
illuminates, fire as it Arberg, warms, & c. These are 
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the instruments which God has maniſestly ordained 


obs! 

as secondary and subservient to his own power in cau 
the economy of the material world, and they are so the 
universally extended and incorporated with other din 
things, as to be serviceable in the motion of all its nat 
particular parts. e the 
These powers are present to all those effects Tb 
which have fallen under the observation of philoso- bri 
logs and there are no other causes to be found, un- do 
less you ascribe unintelligible and innate powers to an 
inert matter, thereby making the effect to be the bu 
cause of itself; or that you can suppose that God, who pr 
hath created these means, hath made it a rule to act it 
without them. What fruit can then be expected fi 
from the labour of an inquirer, who, neglecting these th 
elements, would banish them for such causes as can Mm 
only operate in a vacuum? He must deface the pe 
beauty of nature, which is no where so conspicuous al 


as in the dependance that is established between ef- 
fects and their causes, destroying the connexion be- 
tween the parts of matter; he can only present you 
with such a picture of nature as resembles the bones 
of ea skeleton, which is incapable of stirring one 
step upon natural principles; whereas the work of 
God is worthy of its author, and the frame of nature 
is a perfect and well connected body, furnished with 
all its proper muscles and ligaments, 
If you inquire into the primary and original cause 
of all motion and energy, your question may easily 
be resolved: that cause can be no other than the 
power of God; for, as matter did not make itself, so 
neither can jt move itself, the motion thereof must 
commence, and be continyed by the power of God. 
He is strictly the source of motion, as the source of 
life; neither life nor motion can remain for one mo- 
ment, but so long as they depend either on his own 
immediate power, or such means as that power hath 
established in subordination to itself. Where we can 
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observe and understand these means or intermediate 
causes, it is not necessary to recur at every step to 
the primary cause; and as it is the constant and or- 
dinary means of Divine Providence to work with 
natural means, reason will require us to understand 
them, whether we can or cannot observe them. 
That matter is instrumental in the hands of God, for 
bringing about his purposes in nature, is the avowed- 


doctrine of the Sacred Seripture; some unthinking 


and ignorant readers may despise its philosophy, 


but those who examine the works of God without 


prepossession, will soon discover by experience, that 
it contains the seeds of much knowledge. Let us 
fix in the present case upon one instance, namely, 
that of vegetation; the earth is said to bring forth 
grass, this is the effect. The first cause of it is the 
power of God, to whom all things owe their being, 
and in whom all things consist; for he causeth the 
grass to grow for the cattle, and herb for the service 
of man.” But then it is also said, that the tender 
grass springeth out of the earth by the clear shining 


after rain. Therefore God is the primary cause, the 


sun is the instrumental cause; while the earth, soft- 


ened and dissolved by the drops of rain, supplies the 
materials. This account, plain and simple as it is, 
gives us all that can be said upon the subject, and 
guards us against every fundamental error; it con- 
demns the impiety of the heathen idolator, by re- 
ferring the glory of the whole work to a power su- 
perior to matter; corrects the well-meaning igno- 


france of those modern philosophers, who would 


confute atheism by leaving out second causes; and 
at the same time leaves us in the possession of 

that ancient and valuable doctrine, that some of the 
elements are appointed to rule oyer and govern the 
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or THE MECHANICAL POWERS. | 


Tk knowledge of mechanics is one of chose thin 
that contribute to distinguish civilized nations from 
| barbarians. From it the works of art derive much 
af their beauty and value; without it, we can make 
very little progress in the knowledge of the works of 


nature, By this science we are enabled to improve 


every power and force in nature, and render the 


motions of the elements, water, air, and fire, subser- 


vient to the purposes of life. 


A weight, greater than the natural strength of man 
could manage, without some mechanical contrivance, 
could never be lifted from the earth: he is obliged, 


therefore, to seek assistance, and call in other forces 


to make such alterations as his pleasures or necessi- 
ties may require. By means of levers he lifts weights 
much greater than his strength could overcome; 
with the wheel and axle, pullies, &c. he lifts them to 
considerable heights, and produces such effects as 
would to an unexperienced savage appear the work 
of enchantment. | 
Nor were the ancients without a great knowledge 
in this art of increasing strength by machinery. The 
stones which are laid upon the tops of the pyramids 
of Egypt, each of which is as big as a — house, 


create even the wonder of a modern mechanic, and 


teach him to reverence the superior arts of antiquity. 


Practical mechanics will shew you how to employ. 


a given force, 80 as to produce a proposed effect by 
the aid of some machine or engine. It also shews 


how to modify by machines the action of a given 
power, or the quantity of a known effect. 


| Powers. 
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Three things are therefore always considered in 
treating of the mechanical engines; a weight to be 
raised, the power by which it is to be raised, and the 
instrument or engine by which it is to be effected. 

Mechanics may be consequently reduced to two 


problems: 1. To determine the proportion which the 


power and weight ought to have to each other, that 
they may just sustain each other in equilibrio. 2. To 
determine what ought to be the proportion of the 


power and weight to each other in a given engine, 


that it may produce the greatest effect in a given 
tiny © * | 4 

Machines or engines may be considered as diffe- 
rent means employed to facilitate the action of a 


power against a resisting obstacle. 


The number and nature of mechanical engines 
vary according to the object for which they are de- 
signed; but, however varied or multiplied, you will 
find them to be only a combination of a small num- 
ber of simple machines, commonly called mechanical 

I shall consider six simple machines; the lever, 
the pulley, the wheel and axis, the inclined plane, the 
wedge, and the Screw. 

These are all calculated to communicate motion 
to bodies, and sustain a pressure, for which the 
power unassisted by them is incompetent; and the 


artifice in all consists in distributing the weight 
among such a number of agents, that the part 8us- _ 
_ tained by the power may bear a small ratio to the 


whole. 

Thus, a power incapable of communicating mo- 
tion to, or supporting the pressure of a body, with- 
out mechanical assistance, may effect its purpose by 
transferring a part of the weight upon the support or 
tulcrum, distributing it among a number of pullies, 
or placing it upon an inclined plane, or screw. 
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Postulaia. The following postulata are necessary 
for the mathematical consideration of the mechanical 


1. That a small portion of the earth's surface may 
be considered as a plane. nb 


2. That heavy bodies descend in lines that are pa- 
rallel to each other; for, though all bodies tend to 
the center of the earth, yet the distance from which 
they fall is so small, when compared to their dis- 
tance from the center of the earth, that their incli- 
nation is mcontiderablec eo be pole 
3. That the effort of any given power or weight 
is the same in all points of its direction; or, if a body 
be acted on by any power in a given direction, the 
-action will be the same, in whatever part of that di- 
rection it be applied. amore 401 
4. That though all matter be rough, all machines 
imperfect, &c. yet, in order to make calculations 
more easy and elegant, and to render theory more 
perfect, we suppose all planes perfectly even, all bo- 
dies quite smooth, all lines straight and inflexible; 
without weight and without thickness, all cords to 
be extremely pliable, and all machines without fric- 
tion. | 
These suppositions go no further than to shew 
that the reasonings are concerning perfect instru- 
ments; but as there are none really so, the diffe- 
rence between theory and practice is to be afterwards 
investigated, and, when discovered, allowed for. 
5. The effort of the power and of the weight is 
equal in all points of their directions; i. e. if you 
push or draw any body with a stick, supposed in- 
flexible and without gravity, this body is pushed or 
drawn with the same force, whether the stick be long 
or short. Or if a weight be suspended by a long or 
short string, it will neither weigh more or less, the 
weight of the string excepted; for, though gravity 
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varies according to the different distances of a body 
from the earth, this variation is totally insensible in 
the length of a cord by which a weight is suspended 
from a machine. | | 77 
Here it may be proper to recall to your mind 
what I have before shewn you, that the momentum 
of any power or weight, 1s that force wherewith it 
either moves or endeavours to move; and that it is 
always proportional to the product arising by multi- 
plying the power or weight into the velocity where- 
with it moves, or would move, if it were not hin- 


dered by some opposite power or weight. If the 


product arising from the multiplication of one weight 
or power into its velocity, be equal to the product 
arising from the like multiplication of any other 
weight or power into its velocity, the momenta of 


those two powers or weights must be equal. And 


this will always happen when the weights or powers 
are to each other reciprocally as their velocities. 
Hence, two weights or powers will ballance, when 
the one exceeds the other in weight, as much as it 
surpasses the other in velocity; and herein consists 
the force and efficacy of mechanical engines; for, 
they are so contrived, as to diminish the velocity of 
one weight or power, and to increase that of the 
other; by which means a very small weight or power 
may ballance a very large one. 8 
In general, therefore, there is always an equili- 
brium, when the sum of any number of acting 
powers is equal, and directly opposed to any one 
power, or to the sum of the forces of any number of 
powers; and reciprocally, if there be an equilibrium 
among the acting powers, the sum of the actin 
powers on one side, are equal to the sum of the 
powers acting on the opposite side. 5 
Effects are always in proportion to their adequate 
cause; or, the change of motion in any body is al- 


— 
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ways in proportion to the force which produce it, 
and in the direction wherein that force acts; for 
instance, if a certain force affects a certain motion, 
double that force will occasion double that motion. 

It follows from this axiom, that if an effect de- 
pends on several heterogeneous causes, or, if several 
different circumstances concur in producing any ef- 
fect, this effect will be as the quotient resulting from 


dividing the product of the circumstances that con- 


tribute to augment the effect, by the product of chose 
that concur to diminish it.“ 

Or, in other words, an effect produced by overad 
dissimilar causes, is in a ratio compounded of the 
direct ratio of the quantities which must be increased 
in order to augment the effect, and the inverse ratio 
of those that must be diminished to increase the 
effect. 


To illustrate this by an example, suppose a wag- 


n to be sent to any particular place; it is clear 


— the facility of conveying it, or effect, depends 
on the weight, the number of horses employed, the 
strength of the horses, length of the way, mom 
of the road, and time to be employed. 

Now, it is easy to see, that the facility of moving 
the waggon will increase, in proportion as the num- 
ber of horses, their strength, the goodness of the 


road, and the time are increased, and the weight of 


the load, and length of the way diminished. 


Six things are to be considered in mechanical 


powers: 1. The power. 2. The resistance. 3. The 
fulcrum or support. 4. The velocity of the power 


and resistance. 5. The center of e 6. The 


line of direction. 


* De la Cailles Elements de Mechanique, p. 5. 
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The lever is an engine, which, when treated ma: 
thematically, is considered as an inflexible line, void 


of all gravity; though in practice it is a solid bar, 
that is: flexible and weighty. e 
In the lever, you will more particularly direct 
your attention to three circumstances: 1. The ful- 
crum or prop by which it is supported, or axis about 


which it turns. 2. The power to raise and support 


the weight. 3. The resistance or weight to be 
raised or sustained. ber: | PO... 
The axis of a lever is the point about which it 
nnn, & e e 
The points of suspension are those points where 
the weights really are, or from which they hang 
freely: : 5 
The weights are always supposed to act at right 
angles to the lever, except it is otherwise expressed. 
As the lever is generally applied to lift or sustain 
weights, by means of a power, and fulerum or prop, 
it has taken different names; from a difference in 
their relative situations. 1 ä 
It is called a lever of the fr? kind, when the ful- 
crum is between the power and the weight. 5 
When you stir the fire with a poker, you make 
use of this lever. The 2 is the lever; it rests 
upon one of the bars of the grate as a fulcrum; the 


incumbent fire is the weight to be overcome; and 


the hand at the other end is the power. 
In the Second kind of lever, the weight is placed 


between the fulcrum and the power. 


Thus, in raising a water-plug, &c. the workman 
puts his iron lever through the hole in the plug, till 
he reaches the ground on the other side; and mak- 
ing that his fulcrum, lifts the plug by his strength 
applied to the other end of the lever. 5 
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In the third Kind of lever, the power is Ante 
between the weight and the fulcrum. The two 
above-mentioned levers assist the strength, but with 
* the third kind the workman acts at a disadyantage; 
as in raising a piece of timber or ladder up on one 
end. In this the man's strength or power is in the 
middle, the part of the ladder already raised is the 
weight, and the end upon the ground is the fulerum. 
ere will be an equilibrium on a straight lever of 
any kind, when the power is to the weight as the dis. 
tance of the weight from the fulcrum 1s to the er 
of the power from the fulcrum. 
For it is evident, that there is ana, an 4 
brium between e qual and opposite forces; but forces 
are equal when the velocities of the weight are in- 
versely as the quantities of matter, but the distances 
of the weight and power from the fulerum will ex- 
press their velocities, because these distances ma 
be considered as the radii of arcs that they would 
describe in the same time, and these arcs are to each 
other as their radii; and, consequently, the velocity 
of each point of a lever will be as the distance of it 
from the center of motion. Therefore, as on the 


present hypothesis the velocities are inversely as the 


masses, and the forces act in opposite directions, 
they are consequently in equilibrio. | 

Or the proposition may be proved thus: if there 
be not an equilibrium, let one of the weights pre- 
| ponderate. The. preponderating weight has there- 
fore more momentum than the other; but since, by 
the hy pothesis, the weights are inversely as the arms 


of the lever, it follows, that the velocities of the 


weights are inversely as their quantities of matter, 
whence the moments of both are equal; but they 
were proved unequal, This contradictory conclu- 


sion results from denying the e affirmed, 
which is therefore true. 
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To estimate, then, the advantage of a power over 
a resistance, it is only necessary to determine what 
force will maintain an equilibrium between them; 


for, if their power be increased, it will overcome 


and raise the weight. RA 
From hence, then, we may FOO: in he hae 
1. That a power acts more efficacioualy against 


n weight, in proportion a as ny power is more distant | 


from the fulcrum: 


2. That two equal masses, acting in opposite 4. 
rections on the same lever, cannot be in equilibrium 
but when they are equally distant from the fulerum. 

3. That two unequal weights exert equal forces, 
when the distance of the small weight from the ful- 
crum exceeds the distance of the large weight from 
the same, as much as the large weight exceeds the 
small one; or, in other words, when the distances 
from this fulcrum are reciprocally as their masses. 


These propos tions are also demon strated by the 
following experiments. 


In making experiments on the mechanic powers, 


some difficulties arise from the weight of the mate- 
rials; but as it is impossible to find any that are 
without weight, we take care that the levers, &c. are 
perfectly balanced themselves, before the weights 
and powers. are applied, as they would otherwise 
alter the proportion. between the power and weight; 


but, being ballanced, the effect is not influenced by 


the weight of the n 


The bar, therefore, used in mali the experi- 
ments on levers, has the short end so much thicker 


than the longer arm, as will be sufficient to ballance | 


it on the prop; the hooks are all at eqn tices 
from each other. 

Of ther lever of the first Bind, Before you is a 
lever, ABC, plate 3, fig. 1, of the first kind, turn- 
ing on an axis, D, which is the fulerum that sup- 
ports it. The parts, AB, BC, on different sides of 
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the prop, are called the arms of the lever. The 


shorter arm is made so thick and heavy, as just to 
ballance the longer arm: thus the lever is reduced 
to an horizontal position; and, being in equilibrio 


with itself, may be considered as without weight, 
The longer arm is divided into six equal parts: the 
distance of the hook from the fulerum of the shorter 
arm, is exactly equal to one of these parts; so that 
the whole lever may be considered as divided into 
seven equal parts. ARG e e 
Now, from the proposition just explained to you, 
it is clear, that the power gained by this lever, or 


added to the natural strength or force of the agent, 


is increased in proportion as the one arm, as B C, is 
longer than the other, AB. The velocities of the 
different parts of the bar, are as the distances of those 


parts from the folcrum. 


Jo illustrate this by experiment, suspend on the lon- 
ger arm a weight of one ounce E, at the sixth hook 
rom the fulcrum, and hang a weight of six ounces, F, 
on the hook of the shorter arm, and the weight of 
one ounce will just ballance and support the weight 
of six ounces. The weight of one ounce may be 


called the power, and that of six ounces the resis- 


tance or weight. The resistance is as much nearer 
to the fulcrum, as the power is lighter than the re- 
sistance. A man, therefore, who can without the 
help of any machine support one-hundred weight, 
will be enabled by this lever to support six-hun- 

As in this lever, the fulcrum. may be placed ex- 
actly at an equal distance from the power and weight, 


or nearer to the one than the other, it is clear that 


the power and weight may counterballance each 


other when they are equal, or when the one exceeds 


* 


or is exceeded by the other, according to the diffe- 


rent situations of the fulcrum. 
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Of the hammer lever. This lever differs in no- 
thing but its form from a lever of the first kind. 
Its name is derived from its use, that of drawing a 


nail out of wood by a hammer. 


Suppose the shaft of a hammer to be five times as 


long as the iron part which draws the nal, the lower 


part resting on the board as a fuleram; then, by 


pulling backwards the end of the shaft, a man will 


draw a nail with one-fifth part of the power that he 
must use to pull it out with pincers; in which ease 


the nail would move as fast as his hand, but, with 


the kammer, the hand moves five times as much as 
the nail, by the time that the nail is drawn out. 

To confirm this, in our apparatus, plate 4, fig. 2, 
and plate 5, fig. 2, we have a lever whose arms, AB, 
BC, are at right angles to each ather. The heel 
turns on a pin, B, as the fixed axis. Hang a weight 
F, of five ounces on the shorter arm, then hang a 
weight, E, on the fifth division of the longer arm, 
by means of a string going over the pulley, D, in the 
frame opposite to it, and these weights will ballanoe 
each other. | 

It may be proper to observe, that though weights 
will be at rest when they are in equilibrio, yet it is 
not absurd to reason concerning their velocity, and 
to say, that they are in equilibrio, because they are 
to each other as their respective velocities: for, here 
we do not mean the velocities with which the power 
and weight move; that, indeed, might be absurd, as 
neither of them move at all; but we mean the velo- 
city with which they must begin to move, if they 
were to move. When, therefore, in giving a rea- 
son for an equilibrium, we say, that the power and 
weight are to each other as their respective velocities 
reciprocally, we do not mean the velocity with which 
the power and weight move, but the velocities with 
which they must begin to move, if they were to 
move. Thus, if the center of motion divide a lever 
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of the first kind in the proportion of one to six, a 
power of an hundred pounds, applied at the end of 
the long arm of the lever, will be in equilibrio with 
a weight of six hundred pounds suspended at the 
end of the shorter. And when we say, that the 
power and weight are to each other as their respec- 
tive velocities reciprocally, we mean, that the weight 
cannot begin to move without making the power 
move with six times its own velocity; so that the 
weight cannot move in one direction, unless it can 
make the power move in a contrary direction, with 
a momentum equal to its own; and as equal forces, 
acting in contrary directions, destroy each other, 
they will remain in equilibrio. WA 
Of the second kind of lever. In this kind the 
weight is between the fulcrum and the power. 
Thus the bar, ABC, plate 3, fig. 2, is supported 
on the table D, at the end A. The weight, E, is 
hung any where upon the bar, as at B; and the 
power, or hand, is applied at the other end, C, of 
the bar, to lift up that end, and raise the weight. 
The power or advantage gained by this lever is as 
great as the distance of the hand from the table or 
prop, D, exceeds the, distance of the weight from it. 
Thus, if the power or hand, C, be seven times as far 
from D, as the point B, on which the weight, E, is 
hung, a power equal to one-seyenth part of the 
weight will support it; so that here, as in the pre- 
ceding case, the power is increased in proportion as 
its distance from the fulcrum exceeds the distance of 
the weight from the fulerum, t 
To confirm this by experiment, fasten a hook to 

the fifth hook of the longer arm of the lever, A B C, 

fixed at HI, owe 4, fig. 2, and carry it over the 
pulley placed directly over it; suspend a weight of 
one ounce from the end of the string, and this will 
ballance a weight of five ounces suspended from the 
first hook from the fulcrum; so that a man taking 
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hold of the bar at C, and pulling upwards, could 
support five times more weight hanging from the 
int D, than he could support without the lever; 
but the end of the bar must be raised five inches, in 
order to raise the weight one inen. 
The string is put over the pulley, in order that the 
power may act in a contrary direction to the weight. 
There is a slit in the bar over the lever, that the 
pulley may be placed over any part thereof. When 
used, it should be so placed, that the string going 
cover it be perpendicular to the lever, the lever being 
in an horizontal situation. : 
Of the third kind of lever. In this machine, the 
power 1s between the fulcrum and the weight: it 
may be considered as the second kind reversed, for 
the power in this must exceed the weight as much 
as the distance of the latter from the fulcrum ex- 
ceeds that of the power from the fulcrum. _ 
If you place the end, A, of the lever, ABC, 
plate 3, fig. 3, under the table, and divide the bar 
into seven equal parts from A to C, and suspend a 
weight of one ounce at the end C; then a hand 
placed at B, one division from the fulcrum, must 
pull up with a force equal to seven ounces, to sup- 
550 the weight at C, of one ounce; and if the 
and rises one inch, the weight will be raised seven 
inches. 1 | To. 
To illustrate this by experiment, fix one end of a 
string to the first hook of the lever, ABC, plate 5, 
fg. 2, and bring it over the pulley D, which for 
this purpose you must now place over this hook, and 
to the other end of the string hang a weight of five 
ounces, which acts as a power to pull the lever up- 
wards, This will be counterpoised by a weight of 
one ounce at the fifth hook, C. No mechanical ad- 
vantage is gained by this lever, because the power 
: here must exceed the resistance, as much as its dis- 
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tance is 1 nearer the fulcrum then that of the resist. F 


ance; it is therefore seldom used. 


If you examine the instruments in best use, 


ou will find, that most of them are levers of one or 
he other denomination., Thus, this pair of pincers 
is made up of two levers of the first kind, whose 


center of motion is the rivet. The power is ap- 


plied at the handles to press them together, and 
thereby pinch the body, as a weight, at the oppo- 


site ends. In this case, if the distance of the 


power, in both levers, is triple to that of the 
weight from the rivet, the power acts six times 


stronger on the weight, than if 1t were applied di- 
rectly to it. 


A pair of scissars is also made up of two such 


levers. In these it is clear, from what has been 
said, that the nearer the resistance is to the points, 
the greater will be the difficulty of cutting with 
them: the difficulty is lessened by bringing it nearer 
to the rivet. The force and advantage of the lever, 
in this way, is very evident in the tinman and bra- 
zier's Shears, whereby one man, pressing upon the 
handle, and raising the lower shear, is able to cut 
a plate of brass or copper a quarter of an inch thick; 
the upper shear is rivetted to a couple of strong 
standards, fixed into the black. Nippers, snuffers, 
&c. are also levers of this kind. 


The cutting-knife, used by druggists and patten- | 


makers, to cut drugs, or the woods they use, is a lever 
of the second kind. One end is moveable on a joint, 
or center of motion; by this it is also held down to 
the board on which it is used. The power is applied 


at the handle; the resistance is the wood or drug to 


be cut. 


A door is also a Abt of the second kind. The 


hinges are the center of motion, the body of the 


door is the weight, the hand applied to that part nen 
the lock is the power. 
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A pair of bellows are two levers of the second 
Find, whose common center of motion is the ends 
of the boards where the nose begins. The power 
is applied to the handles, while the air to be pressed 
out acts against the boards as a resistance or 


weight. 


Nut-crackers, with a at at the end, are levers of 
the second kind. 

The oars and rudder of a boat are also levers of 
the second kind. The boat is the weight or re- 
sistance to be moved, the water is the fulcrum, and 
a man at the handle the power. The masts of ships 


are levers of the second kind; the bottom of x 


ship is the fulcrum, the ship the weight or resistance, 
the wind acting or * in the sail is the moving 
wer. 

The sheep-shears are two levers of the third kind. 
The center of motion is at the springing bow, the 
power, or hand, is applied at or near the middle, the 
wool to be cut is the weight or resistance. 

A ladder, or a pole, to be reared against a wall, are 


also levers of the third kind. 


The use of the third kind of lever e can only be fully 
contemplated in the animal body, Here the ee 


reign Mechanic has displayed a wisdom and power 


that puts at nought every effort of human art. 
Animals move their limbs with great velocity, by 
applying the power of muscles very near the center 
of motion; giving the muscles, at the same time, 
such very great force, as to perform their office sud- 
denly, raising the limbs even when great weights 
hang at their extremities, as when we. lift weights. 
with our hands or feet. There is scare a bone in the 


animal body, but what is a lever of the third. kind, 
In what manner, or by what means, power is com- 


municated in the human frame, we are totally ig- 
norant, nor is it to be accounted for upon the 
usual principle of mechanism, for there is no loss 
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of time to compensate for the increase of power. 
The mind can impart no more of her might to the 
limbs, than the fibres are capable of conveying. 
What could Gohah or Sampson do, if you allowed 
them only a single cobweb to work with? They 


+ would not have power to stir a silver thimble: for if 


they went to push, the string would bend; if to 
pull, it would break. Yet when one tossed his 
weaver's beam, and the other carried the gates of 
Gaza, they performed their feats by tender fila- 
ments, lighter than a cobweb, undiscernible by a 
microscope. 85 

When two powers, applied to the ends of a lever, 
Support a werght resting upon the lever, they are to 
each other reciprocally as, their distances from the 
weight, In other words, when two powers sup- 
port a weight by the help of a lever, the sum of the 
powers must be equal to the weight; and the 
weight being placed between them, their respec- 
tive distances therefrom must be reciprocally as the 
DOwWers... + ” ; | 

J 0o illustrate this, I shall suspend this divided 
beam from the points 4 and 3, by weights going 


over the pullies in the bar above the beam; these 


weights being to each other reciprocally as the 
distances from the point O, where the resistance is 
to be suspended, and will be in equilibrio with 
seven ounces, suspended from the point, O, of the 
beam. „„ | 
Upon this principle, horses of unequal strength 
may be made to draw equally in a coach; for, by 
dividing © the spring bar unequally, that horse must 
apply more strength than is applied to the short end 


of the bar. Two men also, who tarry a barrel 


hanging from a staff, are unequally pressed upon 
their shoulders, if the barrel does not hang in the 
middle, that man carrying most who is nearest. 
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FV at one end of a lever be fixed a weight, which, | 
moving with the end of the lever, does not hang 
freely, while the power acting at the other end is a 


heavy body hanging freely, or an inanimate power 
icula 


pressing perpe rly towards the earth, quo a 
fixed weight would vary in force, according to the posi- 
tion of the beam. The force will also vary, according 
as the center of gravity of the weight 1s above or below 


. the beam. © | 


When the center of gravity of the fixed weight 
is below, the beam, as in plate 5, fig. 7, will become 
heavier, or act more strongly, when raised above 
the horizontal line, by inclining the lever; and 
lightest when below the horizontal line, when the 
lever is inclined contrary to its former situation. 

But, on the contrary, if the center of gravity 
of the fixed weight be above the beam, as in plate 5, 
fe. 8, it will be heaviest when depressed below the 
horizontal line, and becomes highest when raised 
above the horizontal line. | 

But the fixed weight will act in the same manner 
as if it hung freely, when the lever is in an hori- 
zontal situation. 3 . 

When the lever, with the weight, C, fastened 
above it, is in an horizontal position, the line of di- 


rection is p, and p is the point on which the 


center of gravity acts. When the lever is in the 
position 8 O M, the point e, through which the line 
of direction passes, is nearer the lower end of the 
lever than p. When the lever is in the position 
TOR, the point, a, through which the line of direc- 
tion passes, is nearer the center of the lever. It is 
therefore evident, from a. bare inspection of the 
figure, 1. That when a fixed weight, whose center of 
gravity is above the lever, it is below the horizontal 
line, the point of action gets further from the center 
of motion, and its momentum, or effect, is increased. 


2. That when it is above the horizontal line, the 
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Point of action approaches nearer. the center of mo- 

tion, and the ee, or effect of the weight, is 
diminisbed. 

When the center of gravit of the fixed weight i is 
below the lever, ig. 7, p is the point of action when 
the lever is horizontal; but by inclining it in the po- 
sition K R, ic becothes the line of direction, and i 
the acting point, which will be nearer to O than the 
point p. By inclining it in the contrary direction, 


oe will be the line of direction, and e the acting 


point, farther from O than the. point p. Conse- 
quently, when a fixed weight, which has its center 
of gravity below a lever, is beneath the horizontal 
Jevel, the point of action gets nearer the center 
of motion, and the effect of its weight is dimi- 
nished; but when the weight is above the hori- 


zontal level, the point of action is removed farther 
from the center of motion, and the effect of the 


weight is increased. 

Nothing of this kind will happen when the 
weight is freely suspended by a rope; because the 
point of suspension, or point of action, is not al- 
tered. What has been here proved, concerning levers 


of the first kind, is equally applicable t to the other 
4wo kinds. 


When two draymen carry a laws. on a coul- 


staff, to which it is suspended by a chain, the point 


on which the weight acts is not altered by inclining 
the staff in going up or down hill; there will be 
no inconvenience suffered, or adyantage gained, by 
the first or last man: but if they carry the barrel 
upon two dogs, then the weight does not swing, 
and the center of gravity is below the leyer; there- 
fore the point on which the weight acts, will, by 
mclining the lever, be made to approach the higher 
end; and the first man, in going down hill, by having 
this point removed from him, will be eased in part 
f his burden, and the last man will hang his equally 
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equally increased. When two chairmen are going 
down hill, if the center of gravity of the weight 
they carry is above the plane of the poles, the man 
that walks first will have the disadvantage: if it be 


below the plane of the poles, the man that walks last 


will have the disadvantage; but if the center of gra- 
vity is in the plane of the poles, the action will be 
equally divided in going down hill. 
To shew that a power is most effectual when it acts 
at right angles. Unhook the scales from the brass 
beam G HI, plate 4, fg. 2, and raise the transverse 
arm, MN, so as to be only a few inches distant 
from the beam; and place two pullies, so that their 
outer edge may be exactly three inches distant from 


the point where the string falls, by which a weight 


of four ounces hangs freely from the beam. This 
will be ballanced by a weight of four ounces, at an 
equal distance, on the opposite arm of the beam. 
But if you put the string over either of the pul- 
lies, by which means the weight affixed thereto 
acts obliquely on the beam, it is over-ballanced by 
the equal weight on the opposite arm; and so much 
80, that, in the present instance, it requires one 


ounce additional weight to make it counterpoise the 


other. 5 05 2 
The quantity of motion produced by a, power which 
Pr upon a lever is always proportional 10 the moving 
C. 10 BY, e N Te 
Me say, indeed, that the weight a man is obliged 
to lift, by the help of a lever, is greater than his 
Strength; but by this we mean only that the weight 
1s greater than he could raise by his strength directly 
applied to it, in such a manner as to make his power, 
and the weight that is to be lifted, move with the 
same velocity. pro ele e 
He is enabled to raise it by the help of a lever, 
because, by suspending the weight at the shorter 
end of the lever, and applying his strength at the 


- 
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rm, the weight is made to move slower 
than the power! And though the momentum of 
the weight, when it moves with the same velocity 

as the power, may be greater than his strength, 


vo the proportion which the velocity of the weight 


bears to that of the power, may, by means of the 
lever, be diminished, till the moving force which 
be exerts shall be equal: to the momentum of the 

weight. e 

No motion is therefore produced by the lerer 
itself: the only use of it is to make the weight move 
slower than the power; so that, by means of the me- 
cChanical instrument, we can indeed lift a greater 


weight than we can without it, but at the same time 


wie only produce the same quantity of motion, for 
as much as the momentum we can raise with a lever 


exceeds its weight, so much it falls short in velo- 


city of the momentum we could raise without one. 


This quran, 4 is upplicali v to n che other; mecha- 5 


nical eee 


| MECHANICAL ARITHMETIC: 


1 wiights guspended at di ferent distances from 
as axis on one side of a ballance, will counterpoise se- 
veral others suspended at different distances on the other 
side; provided the product arising from the multiplica- 
lion of the weights on _e Side, by their respective dis- 
tances from the axis, be equal to the sum arising from 
the hike multiplication - Au weights on the other ide 
into their respective distances. 

Thus, suspend a weight of one ounce at two inches 
distance from the axis of the beam, GI, plate 4, 


Fg. 2; another of two ounces, at three inches; and 


a third of three ounces, at four inches: and if 


on the other side you suspend one weight of five 
ounces at one inch from the axis, and another of 


three ounces at five inches distance, the two- latter 


* 


* 
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will ballance the three former; for the product of 
five inches to one, added to the product of three by 
five, gives twenty, equal the product of one into 


| ona, added to that of two- into Sy. and three! into 


From this veimeiple you may easily 4 00 a me- 
thod of finding the center of motion, about which, 
when equal or unequal weights are suspended at the 


ends of a ballance of known length and won yp | 


will be in equilibrio. | 

From henee you will perceive how easy it 1s to 
perform what 1s called mechanical arithmetic, by 
means of a divided beam and a Proper set of 
weights. 

Addition. Let the einhbens to be added be two, 
three, and seven. I apply an ounce weight at the se- 
cond division, and another on the same arm at the 
third; I now take an ounce weight, and move it 
along the other arm till the beam is in equilibrio, 
which I find to be the case when the weight 1 is at the 
twelfth division. 

Subtraction. To subtract five from twelve. Hang 


an ounce weight at one end of the arm at twelve _ 
inches, and another at the other end at five; then 


move a third ounce weight along the arm till the 
equilibrium is restored, and you will find it to be at 
the difference seven. | 

Multiplication. Multiply four by three. Suspend 


a four ounce weight at the third division on one arm, 
and move an ounce weight on the other till the beam 


is in equilibrio, and you will then find it mark out 
the product twelve. 

Division. To divide twelve by four, wage an 
ounce at the twelfth division, and move a four ounce 
weight on the other arm till there is an equilibrium, 
and you will find it at the quotient three. 


VVV 
OF THE BALLANCE. 
CO SRO Torr Hy 9 : TT STS 4; 
The ballance, as you all know, is an instrument of 
very extensive use, being applied to estimate the 
weights of bodies, that is, to compare the weight of 
any given substance with certain standard weights 
Fenn eee. 
The hallance is a lever of the first kind, whose 
arms are of an equal length; in other words, the 
ints from which the weights are suspended are 
equally distant from the center of motion. In 
treating of a ballance, four parts are principally to 
be considered: 1. The beam itself. 2. The center 
of motion. 3. The arms of the beam. 4. The points 
„ ˙ — AA ͤ . . 


\ 


\ To conceive more clearly the principles of the 


ballance, it is considered theoretically as an in- 


flexible mathematical line; a point in the middle 
of the line represents the fulcrum, and the nearer 
the ballance in practice can be brought to this ab- 
stracted view of it, the more perfect is the construc- 


tion thereof, From this view, you must clearly 


see, that points equally distant from the. fulcrum 
or center of motion, will describe equal arcs; ij, 
therefore, equal weights: be freely. suspended at 
equal distances therefrom, their moments will be 
equal, and the beam will be in equilibrio. For since 
all bodies tend towards the earth, with forces pro- 
portional to their weights, if two weights are equal, 
their efforts are equal; and if they are suspended 
from the extremities of a lever, whose arms are 
equal, they act with equal power on each arm, and 


consequently one does not tend more to the center 


of the earth than the other; therefore, if the ful- 
crum is immoveable, the two extremities will be 
80 likewise, and remain equally. distant from the 
center of the earth, or parallel to the horizon. It 
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follows Ale, that the further the points of suspen- 
ion are from the center, or the longer the beam, 


the more the momefitum of the weights is inerensed, 
and cons6quently''the ballance Is rendered ONE. 


sensible. r 133059 68} PH at £4 We 
In praetice, the beam of u 'balkined 16 a. ct hat, 
and is made of the most homogeneons and inflexible 
materials, and is proportioned in strength to the 
weight it is intended to support; for if the beam be 
too weak, or loaded too much, the arms will bend, 


Which will render the. beam less sensible; and if the 
arms bend 'unequally, will make it untrue; 4 


The arms should be accurately of the same e lengeh, 
and as long as possible, relative to their thickness 
and the weight they are intended to support. A 

If the bearing edge of the axis is very binge, the 
distance of the extremities of the ane relative to ; 
the fulcrum will be altered. nt It | 

The two pivots, which * * axis or c faloriim| 
Should be in a right ans 1250 at right angles o the 
The axis Shou be ven Polshed and very bard; f 
and its supporting part should be thin, and yet not 
so sharp as to cut, but a little rounded to avoid frics 
tion; these edges are first made sharp, and then 
rounded with a fine hone or piece of buff-leather, 
which causes a sufficient bluntness or rolling edge, 
on the regular form of which depends ng the ex- 
cellence of the instrument. 

The edge of the axis must be more or less blunt, 


in proportion to the weight it is to support. 


The axis should be at right angles to a plane sup- 


bosed to pass through the middle of a beam. 


The rings, or the piece on which the axis bears, 
should be hard and well polished, parallel to each 


bother in order to prevent frietion, and of an oval 


figure, that the axis may keep its proper being or 
Aways! remain at the lowest point. W TLS 
vox. 3 | 8 


— . — * Moy 
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K ur ines. 


The Frome is a lender bar : cular tothe 


length of the beam. 405 4% con 925 


Particular care sbould be taken, that the peints of 


Suspension, on which the scales hang, are in the same 
line with the center of motion, for if the points of 
suspension are higher than the axis, the ballance will | 

Wende too much“ cid reno brlt 


„A they are below che axis, the ihm og wil be 


| too «low; and, in either Case, if the beam inclines, 
8 will divide an horizontal line passing through 


fulerum into unequal parts, and therefore destroy 


I eqhilibriuma,, tough. i Weg: hay be 1 in 


eee, 65 eff; oy, 
The inden placed perpendicularly to the bolus 


"hh order to ascertain when it is horizontal, would 


add to the weight of the descending arm, and so 


destroy the equilibrium, if it were not corrected 


by a wei ight n on 127 b e side af the 
beam, 13 . 

As the ef e of ihe been is the 
only one by which we can well judge of the weight 
of bodies, particular care is to be taken of the po- 
sition of the fulcrum or center of motion, for you 
will find, that the situation of this part alters in a 
degree the. necessary perſections of the ballance. 
There are three situations to be considered, whether, 
Ist. The center of motion should coincide with the 
center of gravity of the beam. 2d. Whathogs it should 
be above; or 3dly, Below: it. 

1. When the axis of motion or Clan. passes 


: through the center of gravity, and the three edges 


lie all in one right line, the beam will rest in any po- 
sition whatsoever, whether the les were on oof; 
with or without weights. . 14 


A beam, where the centers of 8 4 gravity 
are coincident, can have no other tendeney to an 
horizontal situation but what it may derive from its 


own weight, and will therefore wack with the. s same 
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additional weight, whatever may be the weight ap- 
plied, ekcept so far as the greater load produces 4 

If two weights were suspended from such a beam; 
at a equal distance from the axis, the quiescence 
of the rod would denote an inequality between the 
weights acting upon it; but it is more convenient, 
that some fixed position of the beam should denote 


the equilibrium of the weights, and there is no 


position so eligible as that which is commonly 
used where the beam is horizontal, when the 


weights 8uspended from the extremities of the arms 


are 1 2 j 
2. If the center of motion or fulcrum be a little 


above the center of gravity, the beam will not rest 


in any position but the horizontal one; for when the 


beam is quiescent, the center of gravity will be im- - 


N 


mediately under the center of motion; consequently, 


if it be removed from this situation, it will: vibrate 


8 


backwards and forwards, and at last rest in an hori- 


. c coco or Eau 
The nearer the center, of gravity of 'the beam. is 
to the center of motion, the nicer. will be the bal- 
lance, and the slower its vibrations; thus, if ac bc, 
Plate 4, fir. 7, be the beam, and C the center of 
motion, the difference between the effect of having 
the center of gravity at K, or c, will be the same as 


it we compared the. velocities of two pendulums of - 
the lengths CK and Ce, which I have shewn you 


to be in a subduplicate ratio of their lengths. The 
tendeney to an horizontal position is, therefore, 
increased by lowering the center of gravity, in 
which case it will also require à greater addi- 
tional weight to cause it to, turn or incline to any 
3. When the fulcrum is below the center of gra- 
vity, if the center of gravity be moved bout of the 
s 2 | 


given angle, and is therefore less' serifible with a 
| dl SYOGR OT DE BRO 3h 1197s: 


% 


<quilibrio. Co : 
I To impress mare sfrongly on your wind the alter- 
ations occasioned by the different . itions of the 


. | 


„„ daten 


perpendicular line, the beam will be overset, that is, 


turned out of its horizontal position, and will not 


return thereto, 80 that "Equal weights 50 appear un- 
The fixing t the center of. motion in a ballance 3 is, 
you perceive, of the utmost importance, for upon 
has: depends the case with which it will be affected 


by a smaller weight, and the readiness with which 
it. il return to its horizontal position; and it is 


clear, from what I have already told you, that the 
best position is that in which the center of motion 
is a little above the center of gravity; and even in 
this, it should be proportione = $5 the distance of 


the weights from the fulcrum, and the quantity of 


matter to be wei ghed, which in different beams can 


only be attained by the JAE: and ExPRrignce: of 


the maker. 5 

. Hence, great care is taken i in all ballances, that the 
axis be placed a little higher than the center of gra- 
vity; to determine the best distance of these two 


points, an adjustment is added to some e beams to raise 
or lower the center of gravity. 


\ The. scales should be suspended! in such manner, 
that in all positions the strings of the scales may 
be Kaffe one to 9 5 other; for if this be not ob- 
seryed, the Yeſghts dee Faun, will not be in 


5 
J 


centers of motion and gravity, Ish xhibit to you 
again, the triangular piece of brass, plate, 1. fg. 22, 


Wich three holes, one in the center of gravity, C one 


aboye, and the other below that center 
Suspend it on EY pin passing through the center 


of gravity, and: ou will see it rest in any situation; 


suspend it on the hole above the center of gravity, 
and set the beam in motion by raising the center of 


motion, and you will e i Ln ks an ag 
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evjernted. velocity, and it will continue 6eeillating 
like a pendulum for a considerable time. When 


suspended with the center of gravity above the center 


of motion, it will only be level; when. the center 


of gravity is directly over the point 6f süspension, if 


it preponderate ever s little,” it will descend till the 
center of gravity is below. R 

When the arms of a balance are aneqll 'the 
ballance is said to be false, as not giving the true 
weight of the body weighed, whether it be sus- 


pended from the shorter arm or from the longer one. 


here are, however; several properties of the false 


ballance, which are extremely useful in the estima- 


tion of weights, as well as in correcting errors which 
may Rave arisen in the adjustment 'of the true bal- 
lince* - A false ballance 'is instantly detected by 
changing places between the weight and the 859 80 

rial weighed.- ect ths 

A ballance with unequal" arms will weigh a as accu- 
rately as another, provided the standard weight itself 
be counterpoised, then taken out of 'the scale, and 


the thing to be weighed be put into the scale, and ad- 
justed against the counterpoise. 9 


Or when proportional quantities only; are N 
dered, the denke may be weighed against the weights, 
taking care always to put the weights in the same 
scale; for then, though the bodies may not be really 
equal to the weights, yet their proportions amongst 
each other will be the same as if they had been, ac- 

curately so. 

A weight which counterpoises an ounce, when 
suspended from the longer arm of 'a false ballance, 
being added to the weight which counterpoises an 
ounce, suspended from the shorter arm, will always | 
be greater than two ounces. The excess is that 


* M cholson's Principles of Chemistry 
Auauoad s Analysis of a Course of Lectures, 
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part of an ounce, . which i is expresged. by a, nenen 
of. Which the numerator 3 18 1 eee of. the dif. 


WI 
ference. of the . and ch e inet the. Pro- 8 
lact of the arms. neh His 4 ot * 
I any substance be suecessively weight! from the at 
10 nger and shorter arms of a false ballance, the true th 
18 will be a en man nt he, false th 
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1 uche pio be NY de ace, may. be kno own 
OE by referring te to Mr. Nicholson! 8 Vork, as before cited; i 
bp ͤ Wwhom is recommended che following, set 0 0 
Wei, chts to accompany the ballance, for chemical 0 
and other © 1 rs vix. 1000 grains, 900 g. 800g. £ 


700 g. 6006, 500 g- 400 gh. 300 f. 200 8, 100 f, 
90 g. 80g. 70g. 60g. 50g. 40g. 30 f. 0g. 108: 
98-88-78: 08:58:48. 38:28:18; 48 . 
. . vg. e ron g. 10 g. 
meg. neg., nog. rg. TIT g. e 
the peculiar property of these Is, 111 the philosopher 

will always have the same e of weights in his 
scales, as there are figures 1 in the number expressing 

the weights in grains: thus 742. 3 rains will be 

ra by the as 76 700, 5 405 * anc E a 
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on the mc ibritng? that arises from the $nspen- 
sions of weights, when the distances are reciprocally 
| proportioned | thereto, is ſounded the Steel-yard, 
which consists of two arms of very, unequal length, 
but equally poised by means of a weight annexed to 
the shorter, from which likewise a Bp is suspended 
to receive such things as are to be weighed; the 
longer arm is divided into a number of Favs) 
weights, beginning from the 1 and sustains a 


Mn, 
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weigbt which | alidesi frem one end to the oth 
which weight being applied to the second division 
will counterpoise double the weight in the scale 
of the shorter aym; than what it will ballance when 
at the first division, and triple when applied to the 
third division, and 50 On, it being 80 1 _ 


the ere, ae, . men are proportionalen 1 


T9196 ot n r wy NYT's mol * | Woe K. ae 
ay . 

. 4 
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If a man standing in ane Salle auch Cgügferpois 180d 


by 4 weight i in the ſecher, Jay * ik hand! 10 any Ja 
0 the beam and brecses it uf pwards, he wall there by 
destroy the ballance, and thake the Sls ee 
stands to prepo 49 5 , a 3 | 
4 .Toit Hustrate this p operty fix the beam, AB. 


tot 

er; part of the ar of the a apparatus, re \reSente, | 
105 2 A; Ig. 43 AK is a eule © pe  SUS- 
e dy the, end, A, of the beam, and IS; pre- 
yented from being pushed out of its eee 

HI 18 a pus ing pipe, "the Iver, point 6 pi ut 
into 3 hole at X, the upper point is put into AS anal 
hole on the Under vide of the beam; the pin I, 
by means of an internal spiral spring, is ressed up 
against the beam, as a man might do with 15 arm. 

13 — perpendicular 1ece AX, and the pushing 
pipe| being sus ended, t je spring, at þ, l a, 
is prevented rom acting; the Whole 18 then ecoun- 


 terpaised by weights, on the opposite arm £8 the 


beam, the spring is then to be freed, and the beam 


b immediately Preponderates, and an additional weight, 


"Plate y *. 1. is a rep lallen of” the principle of the steel 
yu” The weight, at F, may represent the scale, or matter to be 
weighed suspended to the short arm AB, and E the general 
moving weight that moves from one end to the other of the longer 


al. 
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ao nf WII EIL AND Ax fs. | 
8 hung to the opposite end 0 este the 
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The wheel and axis is. | mchine much envy and 
which is applied to a variety of purposes; and in a 
variety of forms. The power acts on the eircumfe- 
rence of the wheel; the weight is fastened to one 
end of a rope, whose other end winds round an axis 
that turns with the wheel. 
* "This. machine i 18 generally used with an J handle: 
thus, to Wind u up EN jack, I turn a handle, Which 
motion, coils a rope rug the : ay in then middle of 
the engine.” By turning a handle we 65 up 2 
bucket from a well, &c, &c. pit in all Pa cases, 
the g greater the distance of. the handle from 18 cen- 
Sow of the wheel, the ak is eh Power we ee 
O tain. | 455 . 


17 
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"Bo. turn dhe. 11 50 one wund, e at. the 

1 5 be drawn off as winds 
once about he Wheel, or through. a space equal to 
the crcum rence, of the Wheel; but 4 the 
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1 <5 A. ths 1 3 | | | x 
; At (plate 5, . 3, the Sonata: ABC DE, is a «inbound 
. 
engine, in which the Gbeel, F, may occasionally be detached to 
shew the nature of the wheel and axis. ; 


he 
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Since; therefore, in the time the machine is turned 


once round, the space which the power desoribes is 
equal to the circumference of the wheel; and the 
space Which the weight describes is equal to the cir- 


-cumference of the axis; and as the velocities- are as 


the spaces described in the same time; it follows, 


that. Me velority of the poter is 10 the: velocity of the 


weipht,”" as the: cirounference 5 the: wheel; is 10 10 raid 
cungerence of the ants.” Dor egos ir de oy 
Though this machine will ebe to n in 

a variety of forms, you will always find the above- 


mentioned proportion between the power and weight, 


when the power is applied to the circumference of 


a” wheel, and the weight to the axis. 


Hence ono the wheel and axis the weight, ind 
will be in equilibrio, when the power is to the 
wei ght / ac the circumference of the wheel i is to the 
circumference: of the axis; and the momentum of 
the power, or its weight multiplied by its velocity 
will be equal to the momentum of the vemotanae; or 
the weight multiplied by its velocity, 
Now, geometricians prove that the eee 
of circles are as their diameters; consequently, if 
the power bears the same proportion to the weight, as 
the diameter of the axis bears to the diameter of the 
wheel, the — and weight will ballance each other. 
Thus, suppose the diameter of the wheel to be 


eight inches, and the diameter of the axis to be one 
inch, then one ounce acting as a power, P, will bal- 


lance eight ounces as a weight, W; and a small 
additional weight will cause it to descend, and turn 
the wheel and its axis, and so raise the weight W, 
and for every inch the weight rises, the power, P, 
wk fall eight inches; so that 

The wheel and axis may be e e ever, 
* fulcrum is a line passing through the center | 


of the wheel and the middle of the axis, and whose 
long and short arms are those radii of the wheel and 


} 
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that is moved 
here, in once turning thè heel round, the velocity 


bentef of mvyity; 0 oni 203 beatles. 
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Suppose that the power does not act by a rope 
winding round a wheel, but that / it ix moved by a 

man's strength applied immediately to the spokes or 
handles, K, Bj E, G, H, 1; the man first lays 
hold of the handle EH, and Pushes it down to , his 
hand passes through t the space HG, and the handle 
will be brought down to G; . then lays hold of I, 
and pusbez it to Gy and so on, till he has turned the 
wheel onct vound; and bis hand, which is now the 


power, will describe the whole circumference: of a 
Firole, which is to be ee as che 04" IN 


* 


Tence of the wheel. 1 Dine 9 £13 (ut; DC g 
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Hence a wheel and eis may be N as 4 


kind of perpetual: lever; on Whose arms the 
aud weight always act p 


lever turns round its fulcrum" and in ke manner, 


icularly,' though the 


when wheels and axes move each other by means of 
teeth on their circumference, such a machine may 
be considered as a perpetual compound lever, 
In using tbis machine, the weight is not alviays 
suspended to the axis by rope; but is sometinies 
fixed to the axis itself. This is the case of a bell 


in ringing by a wheel and an axis; 


of the bell is as the cirounterence Son übe 


b * 


On the other hand, in a crane bd the power is 
not «pplied” to the wheel by means of a rope, nor 


does it act upon any handle or spokes, but by a 


man walking within the wheel; as the man steps 


forwards, the part upon which he treads becomes 
the heaviest part pag the wheel, and descends till it 


de the lowest; thus he keeps going on, and, by 
treading upon every part of the wheel's circirmfe- 


rence in its turn, he walkoiover' the 1 thereof, 
and brin gs the wheel once round. 
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*r A e is a cylindrical axis, that is turned by 


four, or more, bars that cross it; thesp are the 


spokes of an imperfect wheel, and the velocity of 
the power applied to them is as the circumference 
which it describes in one revolution of the capstan. 
When the parts of the axis differ in thickness, and 
weights be suspended at the several parts, they a | 
be sustained by one and the same power applied to 


the circumference of the wheel, provided the pro- 
duct arising from the multiplic 


11101 of the power 
into the diameter of the wheel, be equal to the sum 


of the products arising from the multiplication of 


_ theseveral weights into the diameters of those Parts 


of the axis from which they are suspended. 
Thus a weight of five ounces hung from a part of 
the atis whose diameter is one inch, and another of 


ten ounces from à part whose diameter is half an 


inch, will be both þallanced by a weight of two 

ounces hanging from the circumference of a wheel 

whose diameter is five inches; for, five by one, added 

to ten by one half, is equal to ten, hieb ee 

the momentum of the weights; and mo by ave; 

ten, is also the momentum. of the POWer 1000111199 4: 
In reasoning upon the wheel and axis, I — 


8 Poe the rope that sustains the weight to be of no 
Sensible thickness; but if it be a thick rope, or if 


there be several folds thereof round the axis, you 
must measure to the middle of the outside rope to 
obtain the radius of the axis; for the distance of the 
weight is increased just so much. wy the 1 i 
the rope round the axis. % "21.03 

Jou have seen that the a ta a wel ight, or 
any other force applied to the axis of a wheel, will 
increase as the circumference of the axis increases. 
Thus a weight, or any other force, acting upon the 
axis, B, will have a greater velocity than one which 
acts upon the axis A; if the force was applied to T, 
its velocity would be still further increased. Now, 


) 
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che fusee of a watchiivatr-axis/in the shape of a cone, 


and the spring, by means of a chain, acts upon the 


smallest part of this axis when the watch is wound 


up; as the watch goes down, the chain is applied to 
different Parts of this cone, and to the thiekest part 
of all when the watch is just down. Therefore, as 
the elasticity or absolute force of the s pring de- 
cCreases, the velocity with which it acts to move the 


watch increases, by wy applied to a larger part of 


the axis in proportion; and consequently, if the 
fusee be properly regulated, the momentum pro- 
duced in the wheels and hands of the watch will be 
—_ the same. In other words, the motion of a 
patch is rendered uniform by the lusee, though the 
force of the spring is not -always the same, but is 
greatest when the watch is wound _ n N 
ney ps. as the IE. 1 e YT 
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| or THE PULLEY. SATIRE e 


The ain is a Sw Jari cy” its axis, 
» with a drawing rope passing over it; the small wheel 
is commonly called a Shu, and is so fixed in a box 
or block, as to be ene ane ander pin Pass- 
my" through it. 

Pullies are of two Wan bs Find, aid do not 
move out of their 8 2. Ali, hes rise 
and fall with the weight. 

A rope going round one or more 5 to raise a 
weight, is called the running rope of the fixed pul- 
ley; this kind only turns on its axis, but does not 
move out of its place, see B, plate 3, fig. 4, or V, 

plate 5, fig. 3. It changes the direction of the 
power, but gives it no mechanical advantage; 80 
that you can raise no greater weight by means of 


this pulley, than 2 can raise without it by your 


e stren eb. 


* 
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Two equal weights suspended to the ends of a 
string that goes over a fixed pulley, will ballance 
each other, ſor they are equally streteched by the 
weights; and if either of them be pulled down 
through any given space, the other will rise through 
an equal space in the same time; and, consequentliy, 
as the velocity and the weights are equal, they must 


ballance. As J TY "1 FG £71 %% ⁵˙ 3 2 SPETINS CM oP 
Though this pulley gives no mechanical advan- 


tage, it is a source of great conveniency, as it takes 
off the necessity a man would otherwise be under of 


ascending along with the weight, and thus lessen 
his labour; besides having this further eonvenience, 
that by means thereof, the joint strength of several 
persons may be made use of to raise one and the 


same weight. 


or TE MOVEABLE PULLEY. | 


This kind, C and D, plate 3, fig. 4, or T, plate 5, 
fg. 3, the lower of which rises or falls along with the 
weight, and adds to tbe momentum of the power. 

Some writers have thought that the nature and 
effects of the pulley might be best understood, by 


considering a fixed pulley as a lever of the first kind, 
and a moveable pulley as one of the second. But 


this mode seems only calculated to introduce the 
parade of demonstration, for the pulley cannot with 


propriety be called a lever; for, when any power 


sustains a weight by means of a system of pullies, 
that power will sustain the same weight if the pullies 
be removed, and the ropes be brought over the axis 
on which the pullies turned. Now, in this case, no 
one I believe would say, that these axes should be 
considered as levers; if it was required to raise a 


weight, there would be a very great resistance aris- 


ing from the friction of the ropes on the axes, and it 
it is merely to avoid this resistance that pullies arg 
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| used, -because they torn. up 
little fribtione#®.756 i hoffe 

The best and most narur} awd of computing 
Wer proportion of any power to the weight it sustains 
by means of a system of pullies; or of explainin 
their effects, is by considering that every moveable 
pulley hangs by two ropes equally stretched, and 

which must, consequently, bear equal parts of the 
weight; and, therefore, when one and the same rope 
goes round several fixed and moveable pullies, as all 
the parts on each side are equally stretched, the 
whole weight must be equally divided among all the 
ropes by which the moveable pullies are suspended. 

Hence, if the power which acts on. one rope be 
equal to the weight divided by the number of ropes, 
that power must sustain the weight; in other words, 
the power and weight ballance each other, when the 
power is in proportion to the weight, as one is to 

the whole number of cords. Upon this principle, 
the proportion of the power to the weight it sustains 
by means of a system of pullies, may be computed 
in a manner so easy and natural as to be obvious to 
—_— common capacitʒ. 

It is necessary to observe here, that in making 
your computation, the weight of the moveable pul- 
ley must be ballanced before the power and weight 
are applied, or else it _ be included IN the 
weight supported. 

Let us now. cangidey! the t{6vinde" pulley C; 
plate 3; fig. 4, in our apparatus; here a weight, W, 
hangs at the lower end of the moveable pulley, D, 
and one end of the cord goes round that pulley, and 
is fixed to the hook at the top of the frame, while the 


other end goes over the fixed Funky and is sus- 
ap 405 the power b. : 


n their, axes | _ ey 


L : 1 * 
5 t ? of : { 
* * 4 — * * 
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very „Now, i it is evident that the two ropes: F, G, sup- 
1777 port the whole weight, W, the cord; F, supporting 
ting one half, and that of G the other half; consequenty, 
aing whatever holds the u pper end of either pes. sus- 
ing tains half the weight. 
ible If I take hold of the e F, [tin pull upwards, 
and 1 only feel half the weight, che cord, G, supporting 
the the other half; if I put? the rope, E, over the fixed 
ope ptilley, this only changes the direction, and there- 
all fore in pulling the rope downwards J only feel half 
the the weight; and one ounce suspended from E will 
the ballance two ounces at H, and you will be enabled 
5 to lift twice as much weight by the assistance of a 
be single moveable pulley as you ob raise "by your 
es, own natural strength. , (528 ; 
ds, The power, P, moves twice as fab: 23 the Paltey, 
he D, with the weight W ;' for, to raise the weight 
10 through a sp ace eq ul 0 11, each of the ropes, F 
le, and G, must be tene by a space equal to 5 H . 
ns that is, twice HI; and this quantity must be drawn 
ed over by the rope to which the power is affixed: there- 
to fore, the space described by the power will be equal 
to twice the space described by the weight, or the 
1g velocity of the weight is to that of the power as one - 
1- to two. And you will readily observe, that when 
it the weight has been raised two inches, or two of the 
IC silken lines which are fixed at the distance of one 
inch from each other, the l nN ur 
8 BE: inches or four of the lines. 2 | 
, When the upper and "fixed block contains two 
1 pulſirs which- only turn upon their axis; and the 
d lower moveable'block contains also two, which not 
c only turn upon their axis, but rise with the block 
"= and weight, D, plate 3, fig. 4, or 8, plate 5, #8. 3, 


the 1 e gained is as four to one. 
E, Plate 3, fg. 4, and R, plate 5, fig. 3, there are 
three pullies in the fixed block, "1 three in the 
moveable one, the number of cords six, and the 


P 4 Dr 5 " 
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power as six to ones the advantage is che same 
whether the pullies abe AN ens or N 
each other. 53 l Br 2 

A, plate 5z Fe. 4, is a Arent e e of 


the pulley; it consists of two pullies, the one fixed, 
the other moveable; they are in the shape of 4 


ſusee or truncated cone: each pulley has six grooves, 
which are concentric. to each other, and whose 
diameters are in arithmetical progression, the dif- 
ference being equal wo: a een, of the. smallest 
Fee M ee 

When the abet of: the ut is by a” to 
the block of the upper pulley, if 8, L, H, represent 


the diameter of the grooves of the Jr agg 


and C, B, A, the diameters of the upper fusee, 5 
should be to C : L: B: H: Aas 1: 2:3 4:56. 
But if the extremity of the cord be attached to the 
block of the lower fusee, and D, C, B, A be the 
upper grooves, and 8, L, H, the lower, then the 
following are the proportions, D: S: C: L: B: 
H:; Ania 4 54 6: 7; The diameter of 
the rope is here included in the Ahameter of the 
groove. 

The bo Coe and here is as 12 "RY WOT 

There are some system of pullies, where che 
rale I have laid down does not take place; but as 
they are seldom used, I shall only mention one, in 
which a separate string goes round each pulley; 
one end thereof is fixed, while the other is joined 
to the moveable. pulley next above it. There will 


be an equilibrium, when the power is to the weight 


as unity to that power of two, of which the index 
1 the number of moreable len See F, Mate 3, 
ig „„ 

The weight is factened. to the "Pio pulley. 


The oullics do not heres: as in the preceding 5 * 


n | * * . | 
— | \% 
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tems, rise together in one block with the what, 
but act upon one "yg 80 that each pulley doubles 


ne PO. 115 | 


A power of one ounce will be in equilibrio with 
two ounces at A, with four at B, with eight at C, 
and with sixteen at D; and FO velocity of the 
power will be sixteen times that of the weight. 


Though this system be very powerful, yet as it 


raises weights very slowly, and takes wp a congider- 


able SPACE, 1 it is very e 1 * 


or THE INCLINED PLANE. 1 


The inclined plane i 18 generally rockoninl among 
the mechanic powers, being used with advantag 


in raising 1 by ae . the . as laid 


thereon. ' © 

If hogsheads | or pipes of wine, Ke. are to be 
let down into a cellar, or brought up out of it, a 
plank is laid along the stairs, which in that case is 
an inclined plane, the only mechanical power that 
can be readily applied. So also, in making reser- 
voirs for water, in gardening, in raising forti- 
tications, &c. inaccessible by carts, inclined planes 
made of wood serve for the wheelbarrows to run on, 
to remove the earth from a lower to an higher place. 

I. have already so far explained to you. the pro- 
perties of the inclined plane, that I need do little 
more, in this place, than to shew you, that the less 
the plane i is inclined to the horizon, the easier a body 
may be rolled or forced up its surface. 

If it were required to raise a heavy body to the 


beight, CB, of the plane, plate 4, fg. 6, and perpen- 


dicular to the horizon, „it is evident you must employ 


* When the strings of a — IE Fi not. draw parallel to each 
other, the power is to the weight, as radius to twics the co-sine of 
the angle which either string — with the WEIS] in 3 the 
weight acts. Epi. | To 
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a power equal to that of the weight, and it would 
even then be very inconvenient; but if an inclined 
plane, AB, be elevated to the height B, where the 
weight is to be raised, a less power than the weight 
wyll sere the purpose og 
The weight is always most easily either drawn or 
pushed in a line WW M, parallel to the plane, and 
passing through the center of the wy : for if 
one end of the line be fixed at W, and the other 
end inclined towards B, the body would be drawn 
against the plane, and the power must be increased 
in proportion to the greater difficulty of the trac- 
tion: but if the line be carried above M, the power 


must be also increased; but here only in proportion 


as it endeavours to lift the body off the plane. 
As the ee acts to the greatest advantage when 
the line of traction is parallel to the inclined plane, 
what I shall mention concerning this plane will 
principally apply to the line when in this situation. 
When so situated, there will be an equilibrium, when 
the power is to the weight as the height of the plane 
is to its base. In other words, the mechanical ad- 
vantage is in proportion as the length of the plane 
excecds ane 7255, LO 
- Thus, if a weight of four ounces be laid on the 
plane RS, plate 5, fig. 2, whose length is to its 
perpendicular height as 2 to 1, it will be counter- 
ballanced by a weight of two onnces, drawing the 
other in a direction parallel to the plane, by means 
of a pulley properly fixed at the end thereof. If 
the length of the plane were to its height as 4 to 1, 
it would be sustained by one ounce, hanging freely, 
as im th former instant!!! 
Hence, in drawing a cart or waggon up hill, if the 
power of the horses be proportioned to the weight of 
the waggon, as the height of the hill is to its side, 
the waggon will not run back, and a little additional 
power will draw it up hill, "Pk 


[91]. 


| OF THE WEDGE: 


The wedge is the next mechanical power. Those 
among you, who have seen men cleave wood, can- 
not be at a loss to know, that the wedge is a piece 
of wood or iron, thin at one end and thick at the 
back. The thin end is applied to the timber to 
be cleft, and the thick end struck upon by an 
| hammer. 1 255 | %% ts ag ID bg 
Mathematicians have long debated concerning 
the true theory of the wedge. Hamilton, Gr aẽ,é? 
and, Desaguhers, &c. assert, that the power is to 
the resistance, as half the back to the height. Keil, 
 Wiiston, Nicholson, &c. say, that it is as the whole 
of the back to the height. oy $2 
There are many natural obstructions to a com- 
plete theory of the wedge: among these are to be 
reckoned the friction, the elasticity, and e, 
of the materials. Indeed the theory thereof will 
probably remain for a long time a matter of useless 
speculation, since it is connected with a part of 
physical knowledge of which we are at present 
wholly ignorant; I mean the nature and force of 
adhesion in bodies, their tenacity, and the flexibi- 
lity of the fibres. All these circumstances, with 
many others, shew, that the experiments where 
pressure is used as a power, cannot be adduced as 
illustrating the theory of this machine: for a wedge, 
when laden with a vast weight, will have scarce any 
effect in cleaving-wood; whereas a blow- upon the 
head of the wedge, will drive it easily into a hard 
body. Percussion puts all the parts of the wood into 
a tremulous motion; which, by disuniting them, 
lessens the stickage, and thereby facilitates the mo- 
tion of the wedge. It has been also thought, that 
e motion communicated to the materials may, in 
ame degree, contribute to the force of the wedge, 


. 


292 THE WEDGE. - 


I should therefore say no more on the subject of 


the wedge, if it were not necessary to explain to you 
that part of the mechanical apparatus, which is con- 
structed to prove the effects of the wedge. You 
must, however, perceive, from what I have just now 
mentioned, that this part of the apparatus cannot 
be adequate to the establishing any theory. Expe- 
riments made therewith will shew the power of the 
wedge, according to the hypothesis of the maker, 
but bear very little semblance to the natural action 
The two pieces of brass EH and G H, plate 5, 


fg. 4, are joined at H, by a hinge, and are 


drawn together by the threads h i, fg, going over 
the pullies i and g, having weights at the lower end 
of the cords. If a light wedge be drawn into this 
frame, by means of the weight L, hanging at the 
cord De D, fastened to the wedge, and going over 
the pulley e; if the weight, L, be in the same pro- 
portion to the two weights R, I, as the half back of 


the wedge is to either of its sides, the weight which 


acts as a power for making the wedge go into the 
frame, will ballance the weight which pulls the 
side of the cleft, as a resistance against the sides of 
Thus, sixteen ounces on each side will ballance, 
or be equal to eight ounces of power at the back of 
the wedge, when the back is equal to the sides. 
But when the back is only half the length of one 
of the sides, four ounces of power will be equal to 
8ixteen ounces of resistance on each side. 

Plate 4, fig. 5, is another apparatus for illustrating 
the nature of the wedge. IK LM, and LM NO, 
are two flat pieces of brass, joined together by a hinge 
at LM; Pis a graduated arc of brass, on which the 
said pieces of brass may be opened to any angle not 
exceeding sixty degrees, and then fixed at the given 


* 


angle by means of the two screws a, b; IK NO re- 


— — 8 


% 
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presents the back of the wedge, and IK LM, 
LMNO, the two sides of the wedge against which 
the wood acts in cleaving. By means of the arc P, 
the wedge may be so opened, as to adjust the thick- 
ness of the back in any proportion to the length of 
either of its sides, but not. to exceed that length; 
and any weight, as P, may be hung to the wedge 
from the hook at the bottom thereof, which weight, 
together with that of the wedge, is the impelling 
power. AB, and CD, are two cylinders, to the 
edges whereof two flat plates are fitted, to prevent 
the wedge from slipping off edgewise from between 
them. A small cord goes over the pivot at the end 
of each cylinder; the cords, 8, I, belonging to the 
cylinder AB, go over the fixed pullies W and X, 
and are fastened at the other end of the bar wx, on 
which any weight, Z, may be hung. In like manner 
the cords R, Q, from the cylinder D C, go over the 
fixed pullies u v, to the bar v , from which a weight 
Y, equal to Z, may be hung. These weights, by 
drawing the cylinder towards one another, are to 
be considered as the resistance of the wood acting 
equally against the opposite sides of the wedge. 
The cylinders move on two bars, which are sup- 
ported by the pillars E, F, G, H, when the back of 
the wedge is of the same length as either of the sides. 
The wedge, with a weight P, sufficient to make it 
equal to forty ounces, will be in equilibrio against 
forty ounces hanging at the Jines belonging to each 
eylinder. If the back of the wedge be only half the 
length of the sides, it will be in equilibrio with eighty 
%%% ̃⁰—¼vn ß on Ye 

To the wedge are referred the axe or hatchet, 

the spade, chissels, needles, &c. in a word, all kinds 
of instruments which, beginning from edges or 
points, grow gradually thicker. A saw is a num- 
ber of chissels fixed in a line; a knife may be 
considered as a chissel, when employed in splitting; 


- 
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but if attention be paid to the edge; it is found to 
be a fine saw, as is clear from its producing a much 
reater effect by drawing a stroke, than would have 
followed from a direct action of the edge. 
One considerable use of the wedge, is the raising 


up the beam of a house, to underprop it, when a 


floor gives way, by reason of too great a burden 
laid upon it; and so much force may be applied in 
this way, that some thousand tons may be raised 
together with the floor, and all secured by means of 
this small machine, which for this purpose is more 
convenient than either the screw or the lever.“ 


or THE SCREW. 
The mechanic power next for our consideration, 
is the screw; a machine of great efficacy in raising 
weights, or pressing bodies close together. 

I The screw consists of two parts; the first is called 
the male, or outside screw, being cut in such man- 


* There is no mechanical power without a theory, the wedge is, 
therefore, subject to mathematical investigation, although the va- 
rious bodies that it is used to sever, may resist its sides in such dif- 
ferent directions, as to vary its law of action at every blow. 


The following is the description of an apparatus to illustrate its 


theory, on the neatest and most simple principle that I have ever 

"6-38 ns 9 3 4 ; ; 2 + gy ! a . * 
deen, and we have made it from the directions as communicated to 
us by the Rev. Mr: Vince, of Cambridge. 


Plate 4, fig. 8, is a representation of. it as in use, ABC, is a 


brass frame or wedge, with the back, AB, made in any desired 
proportion to the length of one of the sides, AC. The two ends of 
a fine silk line, a a, are fixed tô the sides, and the line turns over 
two small brass pullies, with the weight, D, suspended to it. On a 


hook at the vertex, C, of the wedge the power, P, is suspended. 


The line, a a, acts perpendicularly to the sides of the wedge, and 
represents the external resisting power: the weight of the wedge, 
with that of the power, P, together, represent the whole mow 
Suppose the two sides, AC, BC, to be six inches each in length, 


the back, AB, four inches, and the power, P, with the wedge, two 
ounces, it will suspend a weight, P, representing the resistin p Doo 
* 


of six ounces, proving that the power is to tbe weight as the ba 
to the .in m 88 


In "6enww. 2595 
ner, 8 to ere a prominent part going round the 


eylinder in a spiral manner, which prominent part 


is called the thread of the screw; the other part, 
which is called the female, or inside screw, is a solid 


— containing a hollow cylinder, whose concave 


4 is cut in the same manner as the convex 


| — of the male screw, so that the prominent 


parts of the one _ fit the concave rs of 128 
other. 
One part is commonly fixed, ter the other is 
turned round; and in each revolution the moveable 
part is carried, in the direction of the cylinder, 
through a space equal in length to the interval be- 


tween two contiguous threads; whereby the body 


to be moved is carried through a space equal to that 
interval, which therefore expresses the velocity of 
the weight or resistance, while the circumference, 
which is described by the power whereby the move- 
able part of the screw is turned round, ExPreShes the 


| velocity of the power. 


You may conceive how the screw is made, by 
cutting a piece of paper into the form of an in- 
clined plane, and then wrapping it round a cy- 
linder. The inclined plane, rising round the y- 
linder in a spiral manner, forms what is called the 
threads of the screw. Now it is evident, that the 


screw must be turned onee round, before the resist- 


ance ean be moved from one opiral winding to an- 
other. 
A screw is ee used wahnet the ain of 

a lever to assist in turning it; consequently, as 


much as the e g de of a circle, described by 


this handle or winch, is greater than the intervals 


or distance between the baer r 80 much is the force 


of the screw. 
Thus, supposing the didthuee Perepen this FRAN 
to be Sad -an inch, and the length of the winch 


to be twelve inches, the curcle described by the 


wt 
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handle of the winch, where the power acts, is 
nearly 76 inches, or 152 half inches, and conse- 
quently. 152 times as great as the distances between 
the spirals; and therefore a power at the handles, 
where the power acts, of no more than one pound, 
will ballance 152 pounds acting against the screw; 
and as much additional power as is sufficient to over- 
come the friction, will raise the 152 pounds. 

There is, therefore, an 8 on the screw, 
hen the power is to the weight, as the distance be- 
tween two eee, threads 1s to the circumference 
described. | 

A very consid erable. degree * Giotion always acts 
against the force of the power, in a screw, but this 
4s fully compensated by. other advantages; for on 
this account he screw continues to sustain a weight 
even after the power is removed, or ceases to act, 
and presses upon the body against which it is driven. 
Hence the screw will sustain very great weights; 30 
that several screws, properly applied, would support 
a large 235 while: the Joundayey: was s wending, 
or rene ue, 3 0 


— 
© 


or THE ENDLES8 SCREW, 1 
11 | 
3 a screw is applied to a at. 80 as 
to serve as a: pinion; it is then called an endless 
screw, being one that turns on an axis, and may be 
turned perpetually. The teeth, or threads, of this 
screw fit exactly into the teeth of a wheel, which 
are cut obliquely to answer thereto; so that, as the 
axis turns round, the threads of the screw take hold 
of the teeth of the wheel, anf, by tur ging it round, 
raises the weight. _ | 
The small apparatus 8 8 you, see plate 5 „Ig. 3, 
which is furnished with an endless screw, will be suf⸗ 
ficient to illustrate the nature of its lobe, or mecha- 
nical advantage. 
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The whork; C, has a screw on its axis, working 
in the teeth of the wheel D, which suppose to be 


48. It is plain, that for every time the wheel. C. 


and screw, are turned round, the wheel, D, will 
be moved one tooth by the screw; and therefore, i in 
48 revolutions of the n the wheel will have 


turned once round. 


The diameter of che groove in the tirels C, 
is equal to the diameter of the groove round the 


wheel D; but the velocity of the wheel C, is 48 
times the velocity of the wheel D. Consequently, if 


a line goes round the groove of the equal wheel F, 
and has a weight of 48 Oz. suspended from its lower 
point, it will be ballanced by a weight of one ounce 
suspended from a ring going round the ene of 
the wheel C. 

If the line, instead of going round the groove | 
of the wheel F or D, goes round its axis, the power 
of the machine will be as much increased as the cir- 
cumference of the groove exceeds the circumference 
of the axis; which, if it were six times, one ounce, 
at C, would ballance six times 48, or 288 ounces: 
suspended from the axis of the wheel C; so that the 
power or advantage gained is as 288 to 1. That is 
to say, a man, who by his natural strength could 
lift an hundred weight, will be able to raise 288 


hundred, or 14% ton weight by this engine. 


The teeth of the wheel must be cut obliquely. 
to answer the threads of the screw, supposing it to 
lie in the plane of the wheel, and therefore the 
wheel will be acted on obliquely by the screw. 


Jo remedy this, the screw may be placed obliquely 


to the wheel, in such a position, that when the 
teeth are cut straight or perpendicular to its plane, 


the teeth of the screw may coincide with and fit 


them, and the force be directed ang: the Ne of 
the wheel. 


208 TE ENDLESS" sn. 5 
| \ 


At pan 4, fg. 3, is represented another a appa- 


ratus for shewing the power of the screw. Here 


the transverse arm is placed above the beam at 


K LE is a screw, M the female screw; the upper 
part of the axis of the screw passes through a hole, 


which prevents the screw from any irregular mo- 
tion; G is a wheel attached to the screw; a string 


18 wound round this wheel, and goes off on that 
side of the wheel which is next the transverse arm, 
and so as to be a tangent to, and go over the pulley 


H, at the other end of the tranverse arm, and 
0 hanging down, any weight, as a power to force 


down the screw, may be suspended. The point of 
the screw presses upon one end of the beam, while 


the resistance, or Nee is 17 art] at the 
other. | | 


The screw is of excellent use, not only! in itself 


for raising great weights, and other purposes, but 


in the oonstruotion on several sorts e com ound 


engines. 10 

The em in a moving bay acts Ine an in- 
clined plane. For it is just the same as if an 
inclined plane was forced under a body to raise it; 
the body being prevented from flying back, and 
the bas of the plane being driven Nag to the 
horizon. 


The use of this power is 11 18 


great service for fixing several things ae ws | 


the help of screws; it is kikewise very useful for 
squeezing or pressing things close together, or break- 


ing them; also for raising or moving large bodies. 
The screw is used in presses for wine, oil, or for 


squeezing the juice out of any fruit. The very fric- 
tion of this machine has its particular use; for when 


a weight is raised to any height, if the power be 


taken away, the screw will retain its position, and 
| hinder the weight from descending again by its fric- 
tion, without any other power to sustain it. 
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In the common screw, such as is here supposed, 


| the threads are all one continued spiral, from one 


end to the other; but where there are two or more 


spirals, independent of one another, as in the worm 


of a jack, you must measure between thread and 

thread of the same spiral, in computing the power. 
O @ micrometer screw. The screw is applied to 

many uses, that it would be impossible to enumerate 


them all. Among other purposes, it is applied to ; 
great advantage for measuring or subdividing small 


spaces; when used for this Purpose, it is called a 
micrometer, = 


For this purpose, a screw is $0 fitted to an instru⸗ 


| ment, that it may be turned round, or moved on its 


axis, without moving backwards or forwards length- 
wise. A circular plate is fitted upon, and at right 
angles to the screw. There is a female screw fitting 
on the other, which carries a piece with a line to 
mark out the divisions it passes over on the bar. 
Suppose the screw to have fifty turns or threads | 
in an inch, the a—_— the plate i is divided into an 


plate of the female screw to de situated Petsen two 


of the divisions on the bar, by the micrometer its dis- 
tance from either is easily discovered. 


Jo effect this, turn the screw till the line on the 


: female screw exactly coincides with one of the divi- 
sions, and the number of turns on the screw, in 


producing the coincidence, will give the fiftieth - 
part of an inch, and the odd divisions on the plate 
will hew the number of hundredth parts of one 


turn; that is to say, the hundredth parts of one 
 fiſtieth of an inch, or the five thousandth por of oe 


inch, 
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"Poon what bas been, chepen, 55 proved o you, 


it follows, that the mechanic powers depend on one 
easy principle; a principle by which you may com- 


pute the power not only of rapes but of compound 5 


engines. 
If we consider bodies in \ motion 3 and compare them 


. together, we may do it either with respect to the 


quantities of matter they contain, or the velocities 

with which they are moved. The heavier any body 
is, the greater is the power required, either to move 
or stop its motion. And again, the swifter it moves, 
the greater is its force. So that the whole momen- 


— 


tum, or quantity of force, in a moving body, is the 


result of its quantity of matter, multiplied by the ve- 
locity with which it is moved; and when the pro- 


ducts arising from the multiplication of the parti- 


cular quantities of matter, in any two bodies, by 
their respective velocities, are equal, the moments 
or entire forces are so too. 
Example. Suppose A to weigh forty pounds, and 
to move at the rate of two miles in a minute; and B 


to wei igh only four pounds, and to move twenty miles 


in a minute; the entire forces with which these two 
bodies will strike against any obstacle will be equal 


to each other, and it would, therefore, require equal 
powers to stop them; for, 40 multiplied by-2 gives 
80, the same as is produced by multiplying 4 by 20. 

This principle extends through the whole of me- 
chanics. When two bodies are sspended by any 


machine, so as to act contrary to each other, if the 
machine be put in motion, and the perpendicular | 

ascent of one body, ' multiplied into its weight, be 
equal to the perpendicular descent of the other body, 


multiplied into its weight, these bodies, however 


unequal 1 in their weights, will ballance one another 


Q 


d 
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in all situations; for, as the whole ascent of the one 
is performed in the same time as the whole descent 
of the other, their respective velocities must be di- 
rectly as the spaces they move through; and the 
excess of weight in one body is compensated by the 
excess of velocity in the other: so that you may 
compute the power of any mechanical engine, by 
finding how much swifter the power moves than the 
weight; that is, how much further in the same 
time; and just so much is the power increased by 
the ee of the : 


THE PROPERTIES OF THE LEVER APPLIED TO IN- 
VESTIGATE THE STRENGTH OP BODIES.*. 


When the two arms of a lever are not in a right 
line, but contain an invariable angle, as at C, plate 1, 
fg. 16, the law of equilibrium is the same as I have 
already explained; that is, if the power, P, be ap- 
plied to the arm, CB, and the weight, W, by means 
of a pulley in the perpendicular direction A M, on 
the arm CA, the power and weight will sustain each 
other, = P be to Was CA to CB. 

If several powers act upon the arm CA, find their 
center of gravity, A, on the arm, CA, and suppose 
all the powers to be united there; and if the power, 
P, be to their sum as CA to CB, i it "wo sustain 
them. 

The sum of the 1 powers vein given, it 1s mani; 
that the farther their center of gravity is removed 
from their center of motion, C, the greater the resis- 
tance they will oppose against the power P, and it 
will require the greater force 1 in the power to over- 
come them. | 


Maclaurin's Sir Baac Newton's Philosophical Diccoreis,p P- 165. | 


Emerson's Mechanics. . 
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From this Galileo justly concludes, that the bones 
of animals are stronger for being hollow. Their 
weight being given, if CB F represent their length, 
the circle CHD a section perpendicular to that 
length, and P any power applied along their length, 
tending to break them; then the strength or force of 
all their longitudinal fibres, by which the adhesion 
of the parts is preserved, may be conceived to be 
united in A, the center of gravity of the circle 
CHD, which is the common center of gravity of 
those forces, whether the section be a circle or a 
ring. But it is plain, that the distance, C A, of the 
center of gravity is greater when the section is a 
ring, than when it is a circle without any cavity; 
consequently, the power with which the parts ad- 
here, and which resist against P, that endeavours to 
separate them, is greater in the same proportion. 
For the same reason, the stalks of corn, the fea- 
thers of fowls, and hollow spears, are less liable to 
accidents that tend to break them, than if they were 
of the same weight and length, but solid without 
„ N . 
In this instance we find, therefore, that art only 
_ imitates the wisdom shewn in nature. . 
In similar bodies, engines, or animals, the greater 
are more liable to accidents than the lesser, and have 
a less relative strength; that is, the greater have not 
a strength in proportion to their magnitude. A 
greater column, for example, is in much more dan- 
ger of being broke by a fall than a similar small one. 
A man is in greater danger from accidents of this 
kind than a child; an insect can bear a weight many 
times greater than itself; whereas a large animal, as 
a horse, can hardly bear a burden equal to bis 
weight. | . „ 
'To account for this, it is sufficient to shew, that 
in similar bodies of the same texture, the force which 


- 


INVESTIGATED BY LEVERS, 303 


tends to break them, or to malls. them liable to 
hurtful accidents, increases in the greater bodies in 
a higher proportion than the force which tends to 
preserve them entire or secure 9 such acci- 
dents. 

Thus, let us suppose these eylindric beams ABDE, 
FGHK, plate 1, fig. 18, fixed in the immoveable 
wall, IL, and let us abstract, in the present instance, 
from any other force that may tend to break them, 
besides their own weight. Bisect AB in C, and 
F & in M, and their weights may be conceived to 
be accumulated at the points C and M, which are 
directly under their center of gravity. To facilitate 
computation, let AB be equal 2 F G; consequently, 
the weight of the beam, ABD E, will be eight 
times greater than the weight of the similar beam, 
FG HK; and the weight of the former being con- 
ceived to be accumulated in C, and that of the 
latter in M, and AC being double the distance of 
F M, it follows, t that the force which tends to break. 
the former at A, being eight times greater than that 
which tends to break the latter at F, and at the same 
time acting at a double distance, it must on both 
these accounts exert an effort sixteen times greater 
than that of the latter. _ 

Now, to compare the forces which tend to preserve 
those beams entire and fixed in the wall, let ARE 
be a section of the greater beam, and ISK a sec- 
tion of the smaller one, perpendicular to their 

lengths at the points A and F. Bisect AE in p, 

and F K in q; then the number of the longitudinal 
fibres, whose adhesion tends to preserve the beams 
entire, or rather the quantity of this adhesion in the 
greater beam, will be to the quantity of adhesion in 
the lesser beam, as the area of the section ARF to 
the area of the section F' SK; that is, in the present 
case, because the figures are similar, as the square 


| of AE to the square . or as 4 to 1. But the 


and at the same time is to be conceived as acting at 
a double distance from the center of motion, because 


break the greater beam at A, is sixteen times greater 
but that the effort, on the other hand, which tends 


is only eight times greater than that en ven) 9 
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adhedidn of the parts that are in contact with each 
other in the section ARE, may be conceived to be 
accumulated at p, their center " of ravity; and the 

adhesion of the parts in contact with each other, in 
the section FS K, is for the same reason to be con- 
ceived as accumulated in q. The adhesion, there- 
fore, which tends to the greater beam entire, is 
quadruple that which tends to preserve the lesser, 


Ap is equal to 2 F q; 80 that the effort which pre- 
serves the great beam from breaking, is eight times 
greater than that which tends to preserve the lesser 
beam lire. 3 


But we have found that the effort which tends to 
than that which tends to break the lesser beam at F; 
to preserve the adhesion of the greater beam entire, 


preserve the adhesion in the lesser beam. 3 

In general it will be found, in the same manner, 
that the efforts tending to destroy the adhesion of 
beams from their gravity only, increase in the qua- 
druplicate ratio of their lengths; but that the oppo- 
site efforts, tending to preserve their adhesion, in- 
crease only in the triplicate ratio of the same lengths. 
From whence it follows, that the greater beams 
must be in greater danger of breaking than the lesser 
similar ones; and that though a lesser beam may be 
firm and secure, yet a greater similar one may be 
made so long as neee to break by its Own 
e 

Hence Galileo justly elne chat what may 
. appear very firm, and succeed very well in models, 
may be very weak and infirm, or even fall to pieces 
by its weight, when it comes to be executed on 
large dimensions according to the models. 
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Prom the süme priviciple,” We may also & infer; that, 
mere Are nedessarily fimits in the Works of haters 


and art; Which" che) cannot surpass in magnitude. 


Thus, were trees of a Wes enormous size, their. 
branches would fall by their own weight. Large 
ammals have not strength in proportion to their size; 
and if there were any land animals much larger than 
those we Know, they could hardly move, and would 
be perpe subjected to most dangerous acci- 


dents. As 6 the animals of the sea, the case is 
- different, ag the gravity of the water in a great mea- 


sure sustains these umimals. Nor does it avail to 
advance against this, that bones have been found, 

which were supposed to have belonged to giants of 
an immense size; such as the skeletons mentioned 
by Syrulo and Pliny, of which one was 60, the other 


46 cubits high; for, natural historians from just 


grounds have concluded, that in some cases the 


| bones were those of elephants, and in others those 


of whales, brought to the places where they were 
ſound by some of those revolutions that Taye” hap- 


pened in past ages. 


From what = been maid, it TS Blown, that 
to make bodies, engines, or animals of equal relative 
strength, the greater ones must have grosser pro- 
portions. Thus, in order that the great cylinder 
AB DE, plate 1, fig. 16, may be as firm and secure 
against aecidents as the lesser cylinder, FGH EK, 
the section, ARE, and its diameter, MA E, must be 5 
increased, till the effort arising from the adhesion of 
the parts bears as great proportion to the effort that 
tends to overcome this adhesion in the greater as in 
the lesser cylinder: and this sentiment being sug- 
gested to us by continual experience, we naturally 


join the idea of greater strength and force with the 


grosser proportions, 906. ou N with the more 
delicate ones. 
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nical use where Strength is require 
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In architecture, | where the appearance of solidity 


is no less regarded than real firmness and strength, 
this is particularly considered, in order to satisfy a 
judicious eye and taste, the various orders of the co- 
lumns serving to suggest different ideas of strength. 
But by the same principle, if we should suppose ani- 


mals vastly large, from the gross proportions a hea- 
viness and unwieldiness would arise, which would 
make them useless to themselves, and disagreeable 
to the cye. In this, as in all other cases, whatever 
generally pleases taste, not vitiated by education; or 


by fabulous and marvellous relations, may be traced 
till it appears to have, a just foundation in nature; 
| though the force, of habits, 18 80 Strong, and their 


effects upon our sentiments so quick and sudden, 
that it is often no easy matter to trace by reflexion 


the grounds of what we find pleasing. 


. If several. pieces of timber be applied to any mecha- 
A not only the parts 
of the same piece, but the several pieces in regard to 
one another, ought tobe so adjusted for size, that the 
Strength may be always proportional to the. stress they 
, es 11 580 


. - 5 * 


This proposition is the foundation of all good me- 
chanism, and ought to be regarded in all sorts of 
tools and instruments we work with, as well as in 
the several parts of any engine. For who that is 


wise will overload himself with his work tools, or 


make them bigger and heavier than the work re- 
quires? Neither ought they to be so slender as not 


to be able to perform their office. In all engines, it 


must be considered what weight every beam is to 
carry, and proportion the strength accordingly. | All 


levers must be made strongest at the place where 
they are strained the most; in levers of the first kind, 


they must be strongest at the support; in those of 
the second kind, at the weight; in those of the third 


th, 


be able to perform their office, and no morè. 
an excess of strength in any part does no good, but 
adds unnecessary 
clogs and retards its motion, and makes it languid 
and on the other hand, a defect of 
strength where it is wänted, will be a means to 
make the engine fall in chat part, and go to ruin. 


weight o be borne; for then the” eng will be 25 
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« kind} at the power, and dieren 


4ionall 

from that point. The axles of wheels and one wg 
the teeth of wheels, which bear greater weights, or 
act with g 
those lighter that have light work to do. Rope 

must be so much stronger or weaker, as they have 
more or less tension; and in 
a machine must have such a degree of strength as to 


For, 
weight 257 the machine, which 


and dead; 


80 necessary it is to adjust the strength to the stress, 
that a good mechanic will never neglect 1 it; but will 
contrive all the parts in due proportion, by which 


means they will last all alike, and the whole machine 
will be di 


ever distinguish a good mechanic from a bad one, 
who either makes some parts so defective, imperfect, 


sposed to fail all at once. And this will 


and feeble, as to fail very soon; or makes others 80 
strong or clumsey, as to outlast all the rest. 
From this general rule it follows, that in Several 


pieces of timber of the same sort, or in different parts 


of the same piece, the breadth multiplied 
of the depth, 


by the square 
must be as the length multiplied by 


the stress. 


The an acti lied by Pe Square of the depth, 


and divided by the pr be, i the in and weight, 
 must be the same in all. 


One observation more, before I quit the doctrine 


of equilibrium or science of statics, which is to in- 


form you that the writings of the Platonists and 


Pythagoreans cannot be properly understood without 


& knowledge thereof. Their allusions to arithmetic; 
V2. 


ater force, must be made stronger; and 


general, all the parts of 
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geometry, and statics, are very numerous; arithme- 


tic they considered a the science of 1 mind; geometry, 


as the, science of ethics or moral virtue; and under 

1 — 4 they oouohed Judiciary and political. Know. 
nn 

Aer. expressed weir notions of the principles of 
all things in numbers; and. meapure, al geometrical 


torm, Bs: applied to moral action and virtue, as 


„ 


muck in enn . engrgys Kay action. Man- 
Kind in general have agreed with these philosophers 
to usę metaphors taken from statics, to express their 
den of, the different degrees of merit and demertt, 


the suhject of political justice. Thus the terms 


heavy, and: light are every where applied to crimes 
and | prnishments.. : Thus likewise an important ser- 
vice to the state is termed. weighty and 'momentous, 
whilst all. little ones are termed light and of Small 
moment. Hence, in all ages the ee has been 
acknowledged as a fit emblem of distributive or civil 
justice, and the rectangular. rule or plumb-line has 
been understood to be a symbol or mark aptly repre- 
sentative of communicative justice. And the worth 
or zvęigli of each part of the political system is to 
be estimated by the greater or less importance or 

ment of it, to the preservation of the system; and 
Dy its greater or, less propensity to adhere to the 
center of al Civil union, the laws of the civil consti- 
Hon, | | 


3 


or COMPOUND ENGINES. 


. ha, a no 7 been . . at the 
Fast variety of composition of which seven simple 
notes arg susceptible, and have contemplated with 
immense pleasure the great ante of words formed 


FIDE OH, Ae ig the, ahora, of. the 50u], mark | 


0 # + i 


or COMPOUND ENGINES; 


. 


909 


ban the twenty-four letters of the alphabet, and the 


infinity of numbers produced from hey. 


same manner, from the simple machines I have de- 
scribed to you, compounded ones are formed by 


various combinations, 


purposes, and yet the same general law takes place 
that I have already described to you, 


they were put in motion. 

The mechanical powers, according to their Gf 
ferent structure, serve for different purposes; and 
it is the business of the skilful mechanic to choose 
or combine them in the manner that may be best 


adapted to produce the effect required. Besides 
raising of weights and overcoming resistances, one 
of the most useful problems in this science, is that 


of making a regular movement that may serve to 


measure time with accuracy. 
proper to observe to you here, that machines seldom 


It may, however, be 


owe their origin or improvement to considerations 
deduced from the laws of motion; they are derived 


from other sources. 


It is from long experience of 


repeated trials, errors, deliberations, corrections, &c: 


continued throughout the lives of individuals; and 
by successive generations of them, that the practical 
sciences derive their gradual advancement from auk- 

ward beginnings to their most a fect state of ex- 


cellence. 


To de a good We we requires he labour of a 
whole life; it is an art rather perfected by practice - 
than theory; the principles of mechanism may be 
ks, but the art must be acquired by 


learned 


experien 


vi 


— 


The knowledge 0 PTR in a theoretical view, 
consists in knowing how to employ a given power, 


50 as to produce a required effect. 


To this end, 


* 


In the 


80 as to serve for different 


namely, that 
the power and weight sustain each other when they - 
are in the inverse proportion of the velocities they 
would have in the direction wherein chey act, If 


% 
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it is necessary in the first instance to know accu- 


rately the nature and value of the power to be em- 
ployed, and then to consider the means and manner 
of applying this power to the bodies to be put in 
motion, so as oy obtain most advanitageously the 


desired effet. 


If this effect can. be ine by simple machines, 


it is useless to employ those that are compound; if 


a simple one is not sufficient to answer the purpose, 


you must then have recourse to those chat are com- 
e | 


10 COMPUTE THE rowzns or comrouxD 
15 ENGINES, 


As NN endo the Nee e of ola 
machines they still preserve their properties, the 
principles I have. already laid down will be found 
sufficient for computing the effects. 1. To discover 
the mechanical power of any engine, it will be suffi- 
cient to measure the space described in the same 
time by the power and the resistance; for the power 
always ballances the weight, when it is in the same 
proportion as the velocity of the weight to the velo- 
eity of the power. Or, 2. By setting down the 
ratios of the power to the weight on each mechani- 
cal power, the sum of these will be the ratio of the 
power to the weight; for when the ratio of the power 
to the weight is equal to the sum of the ratios ex- 
pressing the power and weight, there will be an 
equilibrium on each mechanic power. Or, 

1. Divide the machine into all the simple ones of 
which it is formed; then begin at the power and 
call it one, and by the properties of the echanical 


powers find the forces, in numbers, 


simple machine exercises upon the second. Call 


this force one, and find the force in numbers with 


which it acts upon the third; and putting this force 


upon by the power, or some other wheel; and calf 
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a8 Fen diseover its action 6h the fourth in bie 
and so on to the last. Then multiply all these num 


bers together, and the product will be the force of 


| the machine, supposing the first power one. 


2. For wheel work, take the product of the num 


her of teeth in all the wheels, that act upon or drive 
others, for the power, and the product of the teeth 
in all the wheels moved by them, for the weight: or, 


instead of the teeth, take the diameter. Otherwise 


2 thus: 


I wheel old there urd ahiays top wheels fixed 
upon one axis, or else one wheel and a pinion, or a 


barrel which supplies the place of a wheel. 


Of these, call that wheel the leader, which is acted 


the other, which is upon the same axis, the follower, 
driving another wheel forward. The leader receives 


the motion, the follower gives it. 


Then, having the number of teeth, or the diameter 
of each, take the product of all the leaders for the 
weights, and the err of al the followers for the 

Wer: BY 

The produet of all the leaders gives 0 the velo- 


city of the power; the product. of all the followers, 
the velocity of the weight. 


The principles being der, it will be! superfluous 


to enter into the examination of a great number of 


machines; a few will be sufficient to ren der you 


masters FREE the 11 


OF SMEATON' 8 PULLIES. 


I hae alread notre to you some combinations 
of pullies. T. e construction of this mechanical 
engine is so simple, that it is of little importance 
whether it be considered under the head of simple 
or compound engines. Some variations in the con- 
structions thereof have been already noticed: I 
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shall now lay before you the construction of a ankle 
of pullies, contrived by the late excellent mechanic 
Mr. Smeaton, and ent is not 80 much known as it 
* che.. Eo Rees ebe 

The pullies are in 3 ne in their 
blocks, by being placed one by the side of the other 
on their pin, or one directly under the other upon 
separate pins; but in either of these modes an incon- 


venience arises if more than three pullies are med 


in one block. | 

If, according to the first method, three: millies 
are placed by the side of another, as the last line 
by which the draught is made (or the fall of the 


friction will give it so great a tendency to draw the 
block awry, that as much will be lost by the rubbing 
of the pullies against the block on account of its 


obliquity, as will be got te Incrnacing the number of 


lines. £ 
The ae mechad. IS Ik Gan this abjention; 


but, as the length of the two blocks, taken together, 


must be equal to the sum of the diameters of the 
six pullies, besides the intervening spaces for the 
ropes, and the necessary appendages of the framing, 
they would run out into such an inconvenient 


length, as to deduct very considerably from the 


height to which the weight mne otheryeige: have 
been raised. Te. 


Hence it is evident, that no very great purchase 
can be obtained by the common tackles of pullies 


alone; to increase its power, a second tackle is some- 


times fixed upon the fall of the first, but here the 
height to which the weight might. have been raised 
by. a first will; be less, in the same proportion, as the 
purchase is increased by the second. 

These impediments are obviated by Mr. Smeaton' 8 


coptrir ancę; the pullies are here, Hate 55 fg. 6, | 


@ckle, as it is commonly called), must necessarily 
be upon the outside pulley, the difference of their 
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placed. in each block in two tiers, seyeral bein g 


placed upon the same pin, as in the first method; 


every one having another under it, as in the se- 
Conde 

In this method all the . are cleke of one an- 
other, and the blocks are kept parallel. The model 
before you consists of twenty pullies, five on each 
pin; with this model you may raise six hundred 
weight;* but with a tackle. of this sort, properly 
executed in large, one man will easily raise a ton. 
Twenty! is the largest number of * that answers 
well in practice. 

The pullies are placed it in two tiers in N block, 
several being upon the same pin as in the first 


method, and every one having another under it, as 
in the Second method; when the tackle is in use, 
the two tiers, that are the most remote from each 


other, are so much larger in diameter than those 
that are nearest, as to allow the lines of the former t to 
go oyer the lines of the latter without rubbing;.. . 
This construction gives a new method of reeving 
the line. upon the sheeyes; for here, let the num- 
ber of sheeves be what they may, the fall of the 


| tackle will always be upon the middle sheeve, or that 


next the middle, according as the bead of md 
on each pin is odd or even. 

To reeve it, let the line be fixed to some con- 
venient part of the upper block, and brought round 
the middle sheeve of the large tier of the under 


block; from thence round one of the same sort 


next to the middle one of the upper block; and 80 


on, till the line comes to the outside sheeve, where. 


the last line of the larger sheeve falls upon the first 
sheeve ol the es. and being reeved round 0 


8 « A RX tackle was tried on : hogs one 5 his Majesty's 8 ships, 
and though the rope Was new, one man raised a ship gun and car- - 
riage of 2700 weight, EP bang” + a + capa to __ on * deen 
the Ape from slipping. | | | 


THE courouvs ENGINE. 
till it comes at the opposite side, the line from the 
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last sheeve of the smaller tier rises again to the first 


of the larger, whence it is conducted round till it 


ends on the middle Sheeye of the upper block on 


che e lager tier. 


me ny 1 A coMpouxD ENGINE. Sos 


e 5, K. 1 represents a compound engine; 


| The endless screw is turned round by the wheel AB, 
the screw takes into a wheel CD; on the axis of 
this wheel is a pinion E, that moves the wheel FG; 
to the axis, H, of this wheel the running rope of the 
oma IK, is fixed. Os 


be diameter of the ff Wheel, AB, or br, is 
| twice that of the wheel od, 
teeth, the pinion, E, on the axis of this wheel has 10 
teeth. the wheel, FG, has 80 teeth. 

| To calculate the force of this en gine, multipty 
the diameter 2, of the fly, by 64, the number of 
teeth in C P, which gives 128, and this product by 
8, the number of times the pinion; E, moves round 
while the wheel, FG, moves once round, which 


gives 1024; multi ly this by 3, because the dia- 
meter of the wheel, FG, is three times that of its 
arbor H, and you obtain 3072; which multiplied by 


4, the advantage gained by the pullies, gives 12288 
to 1 for the power of this To, or r 708 pounds tq 
one ounce. 

_ ASEDEP, of te 5, fig. 3, is a smaller com- 

ound engine; wheel or fly, C, has a screw on 
Its axis, which works into the el of the wheel D, 
which has 48 teeth, and the diameters of these two 
wheels are equal; but the wheel, C, moves 48 
times round, while the wheel, D, is moving once 
round; but the diameter of the Wheel, P, is 6 times 
that of its arbor, on which the cord is coiled that 
raises the weight; conmmguently, a power is as 6 


the wheel, CD, has 64 


SQ o 7 
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times 48 or 288 to one, or one onnee will support 
288 ounces. 0 | 


On the Upper part of Be 2 ave 5, and Fe. 2, 


plate 4, is represented a compound engine, Wome i 
of three levers acting one on the other; they are 
of the first kind. In the first, R, the proportion is as 


1 to 5; in the second, 8, as 1 to 4; in the third, T, 


as 1 to 6; or as 1 to 5XAXG, equal to 120; con- 
| sequently, if the power be to the weight as 1 to 120, 


they wit COUNTErPOWS each other. 


or WHEEL WORK. 


W beels with teeth are June 7- in such a variety of 
ways, that it will be necessary to explain in some 
measure their nature and action. Although the 
computation of the numbers is not a part of mecha- 
nics, yet it is useful in the construction of a varie 
of engines. From the nature of the wheel and axle 
it is clear, that the power or force on the pinion is to 
that on the circumference of the wheel on the same 
axis, as the diameter of the wheel is to that of the 
pinion. = 

Whether a wheel drives a pinion, or a pinion 
drives a wheel, the number of turns of the wheel, 
multiplied by the number of its teeth, is equal to 
the number of turns that the pinion makes in the 
same time, multiplied by its teeth; so that the 
number of cotemporary turns of a wheel and pi- 
nion are reciprocally proportional to their number 
of teeth. Thus, if the number of teeth in a wheel 
be 80, and those in the pinion 8, then the pinion 
will turn round 10 times to once of the wheel; 
therefore, the quotient of the wheel, divided by the 


pinion it drives, is the ratio of turns to unity; thus, 


80 
75 gives 10. Wheels and pinions are therefore ge- 
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nerally expressed by fractions, the numerator veg 


the wheel, the denominator the pinion. 

Hence, if there be any number of wheels actin 
upon so many contiguous pinions, and you divide 
the product of the teeth in the wheels by those in 
the pinions, the quotient will be the number of 
turns of the last pinon, in one turn of the first 
wheel. 

The number of turns may, therefore, be ex- 
pressed by a fraction, whose numerator is the num- 
ber of teeth in the leading wheel, multiplied by its 
number of revolutions, and the denominator the 
number. of teeth in the wheel that is driven. Thus 
a pinion of 6 acting on a wheel of 52, will make it 
turn 3 times while it turns 26 times itself * : 
equal Kidd: ao 

If, 8 you "have 4 piece of wheel, work, 
consisting of several wheels and pinions, ex. gr. if 
a wheel of 48 acts on a pinion of 8, on whose axis 
there is a. wheel of 40 taking into à pinion of 6 
carrying a wheel of 36, which moves a wheel of 
36, on whose axis there is an index. The number 
of turns made by the index, while the first wheel 


goes once round, will be expressed by this fraction, 


48 40. 36 09120 | 
8XGXCE 288 240. 
Nee it is evident, that any number of teeth 
on the wheels and pinions, having the same ratio, 
will give the same number of e to an axis 


6 
at a given distance from the first, thus — 5 N 


give 240 like the preceding a it is 
therefore left to the skill of the artist to determine 


what numbers will best suit the general design and 
circumstances of his machine. 


Thus, the same motion may be performed either 
by one wheel and pinion, or many wheels and pi- 
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nions, provided the number of turns of all che wheels 
bear the same proportion to all the pinions which 
that one wheel bears to its pinion. | 
These principles. conduct us to a rule, whereby 
the number of wheels, and pinions being given, to 
find the number of teeth to be cut on them, in 
order to make an index turn a certain number of 
times, while the wheel to which the moving power 
is applied only turns once round. Thus, suppose 
it were required to make the index turn 3600 


times, by means of 4 wheels and 4 pinions. 


Rule. Find all the component primes of the 
given number or prime numbers, which are divi- 
sors thereof; these ay will find to be 4 2, J, 25 
3, 3, 5, 5.“ 5 3 


* To reduce any given Nu mber 10 its component Prines. 


Divide the given number by 2 continually, as often as possible, 
without a remainder; and the result by 3, as often as possible; 
and then by 5, and so on by 7, 11, 13, &c. all the prime numbers, 
till there arise a quotient less than the divisor; and then the 
divisors and the last dividend are the primes n the en 
number. 8 


,  Erample. 


Reduce 122760 to its comportent primes, 
122760 2. 
61380 2. 
30090 2. 
15345 3. 
in g, 
1705 5. 
341 11. 
31 © Anoawer 2. 2.2, 3. 3. 5. 11. 31. 


In the operation, the Sealer of 7 is omitted, because it would 
not measure 341; 80 also dividing by 13, 17, because they are no 
aliquot parts of 31. | 

If you multiply the numbers 2, 2, 2, 3, 3, 5, 11, 31 lonpther 
in any order, the product will be the original number; and when 
there is a great number of these component primes to be multiplied, 
as may divide them into as many parcels as you please, and after 

aving multiplied each parcel by itself, you will find that on mul- 
tiplying these respective products 3 you will still obtain the 
original number. 


- 
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2. Distribute these divisors into separate par- 
cels in any order, to form as many parts as 


have wheels to use; thus make four parcels of the 


given primes, 2, 2, — 2, 3,=2, 5,3, 5.— Thirdly, 
of the product of each of these pareels form 75 


many numerators of fraetions, to each of which let 1 


5 4 6 10 18 
be the denominator; thus, — —, —> 15 1. Fourthly, 


multiply the numerator and Fre gt of each 


fraction by any number that en 2 or the 


teeth of your E beer: * 7 ==> — x Ys 


af 455 
8 5 = 2 5, D 5 15 Luastly, ſorm a compound 


Felton of the Hl of these fractions, and 


choose therefrom the numerators to which you 


will give for a pinion one of the denominators, 
thus ee, Hhich you may distribute thu 
Fe x 55 hic you may distri 8, 


25 60 48 28 


8 7 6 5 Or you. might have arranged your par- 


cels at first in a different manner, as 2 5 — 


. 
2 * 3 2 3; =5.— Or, >, 7 +, 17, from 


whence you would have obtained another set of 
wheels producing the same result as the former. 
By the same rule you may find what a change 
you must make in the numbers of a wheel and 
pinion, in order to preserve the other wheels, and 
yet make the index perform a greater number of 


turns; thus, if you wished to alter the wheel work 
28 48 60 75 ch 
5 0 77 BY to another giving 4000 n Pre- 


serving all the pieces but the wheel and pinion A 


_ By 
you will then find x K = = 4000, conse- 
quently, = 6009 5 = for the whe and pinion to 


be AT; in the room of that of © =. 


mls ie © ©3 


2 
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or THE ADVANTAGES FR BY MAGKINES, 


I have abern you, in treating of imple. ma- 
chines, that as much as was gained in force so 


much was lost in time, $0 that the effect produced 


by a given power in a given time is always the 
same, whatsoever: machine is used; you have also 
seen, that this proposition holds good in all com- 
pound engines, that is, in whatever proportion the 

wer is less than the weight, in the same proportion 


will the weight be slower than the power. 


In order, therefore, to obtain a just idea of the 


1 advantages gained by machines, suppose a man by 


a fixed pulley raises a beam to the top of a house 
in two minutes, it 18 clear, that he will be able to 
raise six beams in twelve minutes; but by means of 
a tackle, with three lower pullies, he will raise the 
six beams at once with the same ease as he before 
raised one, but then he will be six times as long about 
it, that is twelve minutes; thus the work was 

formed in the same time, whether the mechanical 


power was used or not. But the convenience gained 


by the power is very great, for if the six beams be 
joined in one, they may be raised by the tackle, 
though it would be impossible to move chem by the 
unassisted strength of one man. 

Consequently, if by any power you are able to 


raise a pound with a given velocity, it will be 


impossible by the help of any machine whatever, 
with the same power, to raise two pounds with the 
same velocity; yet, by the assistance of a machine, 
you may raise two pounds with half that velocity, 
or even one thousand with the thousandth part of 


that velocity; but still there is no greater quantity 


of motion produced when a thousand pound is 
moved than when one pound, the one thousand 


0 
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| pounds moving proportionably slower. The power 
of. machines consists only in this, that by their 
means the velocity of the weight may be diminished 


% 


at pleasure, so that, with a Vent force any ren! re- 
sistance may be overcomm. 


The motion of the weight | is not at all increaed 


by. any engine, its velocity is only thereby 80 
much diminished, that the quantity of motion of the 


weight may not cd the: en 9 7 motion: un 


the power. DEE ef 

By machines, a power, athertvige-ci inen vallle of 
communicating motion to, or supporting he pres- 
sure of a body, may effect its purpose by:transferring 
a part of the weight upon a fulcrum, -distributing' 1 it 
amongst a number of pullies, or placing it upon an 
inclined plane or screw; and by this artifice a power 


may keep a weight suspended, which exceeds it in 


any assigned proportion, though without any acqui- 
sition of moment in a given direction; for motion is 


only communicable according to the established na- 


tural relations subsisting between matter and motion, 
and the magnitudes of two powers in . e are 
always inversely as their velocities. 

It is, therefore, in vain to think of moving a 
greater weight by a small power, and with the same 
yelocity as with a greater power. No real gain of 
force 18 acquired by mechanical contrivance: on the 
contrary, force, from friction, &c. is always lost, the 
advantages obtained are confined to convenience; 
for instance, by machines we are enabled to give a 


convenient direction. to the moving power, and to 


apply its action at some distance from the body to 
be moved, which is a circumstance of almost infinite 
importange. By machines we can also so modify the 
energy of the moxing power, as to obtain effects 
which it would n reduce without modification. 


Mechanics do not teach us to make, but to ap- 


ply powers, such as we find them in nature; for 
| de | 
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we deceive ourselves if we think, that by the means 
of any engine one man shall do the work of two in 


the same wie, supposing him to employ: the Sane 
strength. 


In the performance of ge eil works, where we 


have sufficient strength, we often want time; and 
where we have time to spare we want strength. 


In these cases the mechanic has an opportunity of 


directing the application of the powers according to 


8 time. - 


Thus, in making harbours, carrying on dykes, 


moles, 'or banks, where at every tide the sea may 
damage the work, and a spring tide overset it, the 
greatest number of hands must be employed that 


can work one by another. In some cases, as raising 


great blocks of marble or other heavy goods out of 
a ship to lay them on a wharf, many hands cannot 
be employed; here then an engine may be used, 
where 6ne man may do the work of ten or twenty 


men, but he shall be ten or twenty times longer in 


performing it. And the engine is absolutely ne- 


cessary, because without it the work could not be 
performed; a sufficient time must therefore be em- 
ployed, without which a great strength would be 
of no use. In draining mines you are generally 
confined to time, because the subterraneous springs 
supply the water while a force is employed to draw 
it out; here then the intensity of the power must 
be superior to the. n, to be raised in a certain 
time. 


When great manufactures are ei on, mecha- 


nism may often be employed to great use; thus, 
suppose that in winding silk fifty men being em- 
ployed, should only move a weight equal to half a 


pound, while they carry their hand round; whereas 


one man can easily raise twenty-five pounds with the 
same velocity as his hand moves round in this in- 


— 


stance, and that for ten hours in a day: : here a ma- 
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chine may be applied, whereby one man em ing 
his e shall do the work of e in 
the same time. In other cases, machines may afford 
great profit by rendering effectual the force or inten- 
Sity of the power or powers nee ed, as in vibe fire- 
engine, + water-wheel, Se,, | 


or THE REGULATION OF MOTION EY 7 
|  FLY-WHEELS, bY 


An uniform motion is continued by app! ing the 


heavy wheel, (or a cross bar loaded with equal 


weights called a fly) to. the machine; this being 
made to revolve about its axis, keeps up the force 
of the power, and distributes it equally in all parts 
of its revolution, by going on at the same rate it 
makes the motion uniform; for, on account of its 
weight, a small variation in force does not sensibly 
alter its motion, while its friction and the resist- 


ance of the machine prevents it from wren 


If the motion of the machine slackens, it helps it 
forward; if it tends to move too fast, it will hoop it 
Pe 

Every regulating wheel Sand be fixed upon that 
axis where the motion is swiftest, and should be 


heavy when the motion is designed to be slow, and 


light where it is to be swift. In all cases, the center 
of motion should coincide with the center of gravity 
of the wheel. - The axis may be either perpendicular 
or parallel to the horizon. 

Most mecbanical operations consist either in com- 
municating motion to quiescent bodies, or in over- 
coming resistance; in which operations the actions 
of the moving force, and its effects, are not always 
cCotemporary; but motion is frequently first gene- 
rated, and at subsequent times, employed in pro- 
Fe ducing the result. Thus great mechanical effects 


may be produced by means of small velocitics, ge- 
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nerated in atoll bodies by inconsiderable moy- 


ing forces. Suppose an heavy cylinder, of iron or 


lead, moveable about its axis, and in a vertical 


e; a mall force being applied to turn the cy- 
linder, will, if long continued, generate such a 
fore as will produce effects in raiing weights by 


no means oblainebleby: the OY force eder ee 


applied. 
Mr. Aravood has ch that a 4505 of twenty 


| pounds, applied for thirty-seven seconds to the cir- 


cumference of a cylinder of ten feet radius, amd 
weighing 47 18 pounds, would, at the distance of one 
ſoot from the center, give an a musket- 
ball equivalent to What i it receives from: a . _— 

of gunpowder. / | 

The sene effect wand be produced ir in six minutes 
ten seconds, by a man turning the cylinder of a 
winch one foot long, on which be renne ex- 
erted a force of twenty pounds. 

This aceumulation * ene Word appears e ex- 
traordinary at first sight, and may suggest wrong | 
notions concerning the subject, unless fully consi- 
dered; when it will appear, that the cylinder has no 
principle of motion in itself, and cannot Have ay 
more than it receives. 

An accumulation of motion in pondevous t, 


| is, as I have just observed, of great service when ap- 


plied to practical purposes. Thus machines to lift 
weights, to grind corn, &c. as well as many others, 
having a large ponderous wheel, termed a fly, fixed 
to some part of their machinery, so that it shall 

revolve round its axis, have been found to produce 


much greater mechanical effects than could have 


been produced without ouch an additional mass of 


Here, 8 I must Ji POT to why D 1 ; that 
there 1 is no inerease of power communicated to any 
X 2 


Matter. 
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engine by flies, ballast-wheels,” bre. ey e act upon 
Rene another principle. 

In all machines in which flies t are used, either a 
considerably greater force must be applied than 
what is necessary to move the machine without it, 
or the fly must have been set in motion some time 
before it is applied to the machine. It is this su- 
perfluous power, which is, as it were, collected b 
the fly; and serves as a reservoir, by which the ma- 
chine may be 24 8795 when che N of the Power 
is lessened. 

Suppose a whebl and dicks, with Aa ponderous wheel 
affiked to it, moveable round an axis by means of 
an handle, which is impelled by muscular force, 
Now here the use of a ponderous wheel is evident; 


for, suppose a certain uniform motion generated 


4herein, this will continue for some time to raise 
the weight, although the moving force of the arm 
be ed, which must in some degree hap- 
pen when the arm is ascending. Now, if there 
were no motion in the ponderous wheel, to con- 
tinue the ascent of the power, the resistance would 
begin to preponderate as soon as the moving power 
was at all diminished; from which it is manifest hoy 
| much motion would be lost without the fly. 

It is a reservoir to supply the machine when ' the 
animal slackens his efforts; and this is always the 
case with animals, for none are able to exert a great 


power with absolute constancy. When he begins 


to move the machine, he is vigorous, and exerts a 
great power; which not only overcomes the re- 
sistance of the machine, but communicates a con- 
siderable degree of power to the fly. Hence the 
machine, when moving, yields for a time to a small 
impulse; during which time the fly acts as a mor- 
ing gower, and the animal recovers his strength. 
By. e grees, ever,” the motion of the machine 
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decreases, and the animal is then obliged to renew: 
his efforts. In this case, if it were not for the fly, 
the velocity of the machine would be considerably 
increased; but it now acts as a resisting power, 
and the greater part of the superfluous motion is 
lodged therein, so that the increase of velocity in 
the machine is scarcely perceptible; and the ani-. 
mal again acquires time to rest himself, till the 
machine requires an increase of impulse; and so on 


alternately. _ 


It is the same with a machine moved with wa- 
ter, or by a weight; for though the strength of 
these does not exhaust itself like muscular force, 
yet the yielding of the parts of the machine renders 
the impulse much less after it begins to move: 
hence ats velocity is accelerated for some time, till 
the impulse becomes so small, as to require an in- 
crease of power to keep up the necessary motion; 
but when the impulse slackens, the fly communi- * 
cates part of its motion, so as to render the motion 
equable. The truth of what has been advanced, 
will be rendered sensible by considering the inequa- 
lity of motion in a clock, when the pendulugp is off; 
and how very regularly it goes when regulated by the 
pendulum, which acts as. a fly. | 
Flies are particularly useful in any kind of work 


| which is done by alternate strokes; as. the lifting of 


large pestles, pumping of water, &c. In this case, 
the weight of the wheel employed is a principal ob- 
ject; and it is calculated by a comparison with the 
weight to be raised. 1 4 

Thus, suppose it to be required to raise a pestle 
of thirty pounds weight, to the height of one ſoot, 
sixty times in a minute. Let the diameter of the 


fly be seven feet, and suppose the pestle to be raised 


one at every revolution of the fly, we must then 
consider what weight, passing through twenty-two 
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feet in a second, will be equivalent to thirty pounds, 


moving through one foot in a second. Is will 


be 30 divided by 22, or 17 pounds. Were a 


of this kind to be ap ied, and the machine oh. 


a going, the fly would be able to lift the pestle 
once after the moving power was withdrawn; but 
by increasing the weight of the fly to ten, twelve, 


or twenty pounds, the machine, when left to itself, 


would make a considerable number of strokes, 2nd 
be worked with much less labour than if no fly had 
been used. It is certain, however, that the fly 
does not communicate any absolute increase of mo- 
tion to the machine; for if a man, or any animal, 
is not able to set any mechanical engine in mo- 
tion without a fly, he will not be able to do it 1 
a fly be applied, nor will he be able to keep it 
motion, t — get a re with a a fly, by means a 
a ae N . 


* Encylopedig Britannica, vol. x. part ii. 
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oF TUR DIPFERENCE BETWEEN PRACTICE AND | 
5 | THEORY IN" ip crate | 


1 HAVE, In what I hav already wit on r sub- 


jeets, paid very little attention to the physical pro- 


perties of the materials of which machines are com- 


, or of the alterations these properties occasion 
in their effects. The propositions that are demon- 
strated with the utmost mathematical rigour, are not 
found to answer in practice, and the difference can 
only be allowed for, and estimated by experimental 


In extablichins the theory, 1 ne supposed that 
machines did not rub against each other, and so 
interrupt their usual workings; I supposed that all 


the planes on which they moved were eyen, all the 


levers inflexible, and that the air gave no resistance: 
but this is not the case in practice; all en are im- 
diments. 

Whenever motion is communicated to a body, a 
certain resistance must have been overcome by the 
moving force. This resistance is of various kinds: 
1. The inertia of the mass moved. 2. That of its 
weight, or other absolute force, opposed to the ac- 
tion of the moving power. 3. Obstacles by which 


the moying body is retarded in its progress. Many 


circumstances relative to the moving forces which 
are exerted on bodies, in order te produce motion, | 
must be attended to in order to proportion the 


means to the end, and to produce the desired effect, 


with all the advantages of which it is capable. It is 
a due observation of these and other particulars, 
which contributes to render mechanic instruments 
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perfect, nd the neglect of them defective i in their 
construction. 

It will, therefore, be necessary ſor you, in apply- 
ing theory to practice, to consider all the physical 
circumstances which are capable of producing any 


diversity in the effects, how far they diminish mo- 


tion, and to determine by experiments the laws that 
govern these circumstances, and the abatements ta 
be made to make practice coincide with theory. 

Even here, however, it will be necessary to con- 
sider the machines as well made, as no rules can 
ever appl y to the 1 ignorance. or errors of bad ak- 
men. 

Among the various ohuncal:; causes which occa- 
sion a difference between the theory and practice of 


machines, you may consider two as the most impor- 


tant, and the most general: 1. The weight of the 
parts of which the machines are framed. 2. The 


friction of one N of the machine ine another. 


- 


or FRICTION, 


However plane and smooth bodies appear to the 
eye, yet, if you examine their surfaces with a mi- 
croscope, you will discover numberless inequalities. 
When a body is moved upon a plane, the proininent 


parts of the body must necessarily fall into each 


other's cavities, and thereby create a resistance to 
the motion of a body; for, the body cannot be 
moved, unless the prominent parts thereof be con- 


6 tinually raised above the prominent parts of the sur- 


face whereon it slides; and this cannot be done, 


unless the body be at the same time liſted up, and, 
as it were, re on an inclined plane equal to chose | 
— * —— parts, which will impede and diminish 


the effects of the moving power. 


It is not possible to adopt any theory, that will 
take in all the circumstances that occur in practice, 
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' for the quantity of friction between the same bodies 
will vary under different circumstances, as their in- 
equalities, may be varied ad inſinitum; not only by 
the nature of the bodies, but also by the degree of 


perfection they may. receive from art. An experi- 


mental investigation, therefore, on the machines 


themselves, will always be more satisfactory than any 


deductions from theory. Among the later writers 
on this subject, Mr. Vince * and Mr. Coulomb 
claim the most attention, particularly the latter; 
whose tables, shewing the frictions of different sub- 
stances, may be found of considerable use; but, as 
they are too long for our purpose, I shall lay before 
you the contents of Mr. Yince's: paper. 

The experiments of Mr. Vince were made to de- 
termine, 1. Whether friction be an uniformly re- 
tarding force. 2. The quantity of friction. 3. Whe- 
ther the friction varies in proportion to the pressure 
or weight. 4. Whether the friction be the same, 
on whichsoever of its surfaces a body moves. 

To resolve these questions, a plane was adjusted 
parallel to the horizon; at the extremity was placed 
a pulley, which could be elevated or depressed, so 
as to render the string which connected the body 
and the moving force parallel to the plane. A di- 
vided scale was placed by the pulley perpendicular 
to the horizon; the moving force descended by the 
side of this scale. A moveable stage was placed 
upon the scale, which could be adjusted to the space 
through which the moving force descended in any 
given. time; which time was measured by a well-re- 
gulated pendulum, vibrating seconds. _ 

Now, if friction be an uniform force, the diffe. 

rence between it and the given force of the moving 
power must be also uniform, and therefore, the 


— 


* Vince, phil. Transactions. 


I Coulomb, Memoires de a Us Sciences. 
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body must deseend with an uniſorealy dcce- 

lerated velocity, and, consequently the spaces de- 
scribed must be as the squares of the times, just as 
when there was no frietion, only they will be dimi. 
nished on account of the friction, 
A body was placed upon the bortertal plane, and 
a moving force applied, which from repeated trials 
was found to descend 524 inches in 4”, The sta 
was then removed to that point to which the moving 
force would descend in 3“, upon the supposition 
that the space described by the moving power were 
as the squares of the times, and it was found to agree 
very accurately with the time. The stage was then 
removed to that point to which the moving force 
ought to descend in 2”, and was found to agree ex- 
actly with the time. The same was tried for of 
and the coincidences were still exact. To find whe- 
ther a difference in the time of descent could be 
observed by removing the stage a little above, or a 
little below the positions which corresponded to the 
above times, the experiment was tried, and the des- 
cent was always found too soon in the former, and 
too late in the latter case; which proves that the 
fore-mentioned spaces corresponded exactly with the 
times. Each descent, for greater certainty, was re- 
peated eight or ten times. The experiment was 
also tried with different moving forces; in all which 
the spaces coincided with the times. | 

| A great number of experiments were made with 
hard 'bodies, or those whose 78 50 firmly cohered, 


as not to be moved inter se by the friction; and in 
each experiment, bodies of yery different degrees of 
friction were chosen, but the results all agreed. We 
may therefore conclude, that the friction of hard bo- 
dies i in motion is a uniformly retarding force. 
Experiments \ were made to determine whether the 
same law obtained for bodies when covered with 
cloth, woollen, &e. and it was found in all cases that 
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che — force inereased with the velecitys but | 
upon covering bodies with paper, the eonsequences 


* with those already related. 

The next question is to determine whether friction, 
cæteris paribus, varies in proportion to the weight or 
pressure. Now, if the whole quantity of the friction 
of ' body, measured by a weight without inertia | 
equivalent to the friotion, increases in proportion to 


the weight, it is manifest that the retardation of the 
body, arising from friction, will not be altered; for 


quantity of friction | 


the retardation varies as anantity of unter 


: hence, if a 


body be put in motion upon the horizontal plane by 


any moving force, if both the weight of the body and 


the moving force be inereased in the same ratio, the 


acceleration arising from that moving force will re- 


main the same, because the accelerative force varies 


as the moving force, divided by the whole quantity 
of matter, and both are increased in the same ratio; 
and if the quantity of friction increases also as the 
weight, then the retardation from the friction will, 

from what has been said, remain the same, and 
therefore the whole acceleration of the body will not 
be altered; consequently, the body ought upon this 
supposition still to describe the same space in the 


same time. Hence, when both the body and mov- 


ing force are inereased in the same ratio, you may 
determine whether the friction increases in propor- 
tion to the weight. 


A body weighing 10 oz. * 2 moving force of 


4 oz. described in 2” a space of 51 inches; by load- 


ing the body with 10 0z. and the moving force with 
4 0z. it described 56 inches in 2”; and by loading 
the body again with 10 oz. and the moving force 


With 4 oz. it described 63 inches in 2”. 


A body whose weight was 16 oz. by T. 
force of 5 oz. described a pace of 49 inches in 3”; 


* 


* 
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loading it with 64 oz. and the moving force of 20 oz. 
the space described was 64 inches. Ee 

From these experiments, and many others of the 
same kind, it appears, that the space described is 
always increased by increasing the weight of the 


body and the accelerative force in the same ratio; 
and as the acceleration arising from the moving force 


continued the same, it is manifest that the retardation 
arising from friction must have been diminished, for 
the whole accelerative force must have been in- 
creased, on account of the increase of the space de- 


scribed in the same time; and hence, as the retar- 


„ „ „„ „ ; ». , | uantit of friction 
dation from friction varies as the — — 
| Be BD 7 Quantity of matter? 


the quanti ty of friction increases in a less ratio than 


the quantity of matter or weight of the body. 

The third question Mr. Vince proposed to deter- 
mine was, Whether the friction varies by varying 
the surface on which the body moves? 


Let us call the greater surface of the body A ; its 


lesser surface, 2. Now, the weight on every given 
part of à is as much greater than the weight on an 
equal part of A, as A is greater than a. If, there- 
fore, the friction was in proportion to its weight, it 
is manifest, that the friction on a would be equal to 


the friction on A; the whole friction on A being, on 
such a supposition, as the weight on any given part 


of each surface multiplied into the number of such 


. 
* 


above proportion, are equl. 


But, from the last experiments it has been proved, 


* 


that the friction on a given surface increases in A 


less proportion than the weight; consequently, the 


friction on any given part of a, has a less ratio to the 


friction on any equal part of A, than A has to 4; 


and hence the friction on à is less than that on A; 
that is, the smallest surface has always the least 


parts, or the whole area, which products, from the 
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friction, ane to what has been generally con- 


cluded. b 


In trying the geren on this head, care must 
be taken to choose such bodies as have exactly the 
same roughness, with a regular grain, without knots; 


or an equal degree of roughness may be obtained by 


pasting some fine rough paper on each surface. 

A body was taken, whose surface was to its edge 
as 22 to 9; with the same moving force it deseribed 
on its flat surface 333 inches 1 in 2“, on its edge 47 
inches in the same time. 

One whose surfaces were as 32 to 3, * with the 
same moving force, described on its flat side 32 in- 


ches in 2”, and its edge 37 inches in the same time. 


From these and many more experiments of the 
same kind, it appears that the smallest surface had 
always the least friction; we may, therefore, con- 
clude, that the friction of a body does not continue 


the same when it bas different surfaces applied to 
the plane on which it moves, but that the reg 


surface will have the least friction. ut 
The experiments which have been ee eee 
on this subject, have been instituted to find what 
moving force would ust put a body at rest in motion; 
and they concluded from thence, that the accele- 
rated force was then equal to the friction: but it is 
manifest, that any force, which will put a body in 
motion, must be greater than that which opposes its 
motion, otherwise it would overcome it; and, con- 


sequently, if there were no other objection, the fric- 


tion could not be accurately ascertained: but there 
is another objection, which totally destroys the ex- 
periment, so far as it tends to shew the quantity of 
friction which is the adhesion of the body to the 
plane while it lies at rest, which is confirmed by ex- 
periments. 

Thus a body of 124 02. was laid upon an horizon- 
tal al plane, and then loaded with a weight of 8lb. and 


% 
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such a moving force was applied, as would, when 
the body was just put in motion, continue that mo- 
tion without any acceleration; in which case the 
friction must be just equal to the acoelerative force. 
The body was then stopped; when it appeared 
that the same moving. force, which hail kept the 
| body in motion before, would not put it in motion: 

it appears, therefore, that this body, when laid upon 
the plane at ret, en ere A _ vr cohesion 
0 ite: 

A body, e weight was 16 0%; was lewd at rest 
upon the horizontal plane, and it was found that a 
moving force of 6 oz. would just put it im motion; 
but that a moving force of 4 oz. would, when it was 
just put in motion, continue that motion; and there- 
tore the accelerative force must then have been equal 
to the friction, and not when Mie moving force- of 
© oz. was applied. 1 in 

Ihesc experiments shew inks: very ee ee 
the cohesion was, in proportion to the friction, when 

the body was in motion; it being in the latter case 

almost one-third, and in the ſormer, very near the 
the whale friction. All these conclusions, therefore, 
deduced from experiments instituted to determine 
the friction from the force necessary to put a body 
in motion, have been manifestly false, as such expe- 
riments only shew the resistance which arises from 
cohesion. 

1 shall conclude this. aide wir a 52 general 

observations on friction; and advising you in all 
cases to have recourse to experiments, and on the 
engines themselves, to know the resistance occa- 
sioned by friction. 

To lessen the quantity of friction, the 10 are 
often made of different materials; as iron axes are 
made to work in brass or bell-metal collars, as, from 
the diversity in the pores of the different substances, 
oy are less apt to adhers -c or stick together, Cars 
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is also taken to polish the re, and wake them as 
smooth as possible. 

Wood, and all metals, when ed and oiled; 
have nearly the same friction. Where wood acts 
against wood, grease makes the motion twice as 
easy. Wheels nn, or tarred go four times easier 
than when wet. | 

The friction increases "ich: the wake; och | 
not in the same proportion: it is also augmented, 
except in a very few cases, by an increase of velocity. 


A great surface also occasions somewhat more fric- 


tion with the same weight and velocity: yet friction 
may be increased by two little surface to move on; 
as upon clay, &c. where the body sinks in. | 

The friction of a single lever is very 1 Pul- 


lies are subject to great friction, because their dia- 


meters in general are very small in proportion to 
their axes, because they very often bear against the 
blocks, and from the wear of the holes and axles. 

The friction of the wheel and axle is as the weight 
upon it, and the diameter of the ais, the stiffness 
of cords; ei die 

In a serew there is a great deal of Sieben 
Ie with sharp threads have more friction than 
those with square threads, and endless screws have 


more than either. 


Some writers have e 9's bodies moving one 
over the other in two different manners. Thus 
we may, 1. Apply the same parts of one to different 
parts of the other; as when you make a book slide 
on a table, or as in the experiments of Mr. Vince. 
Or, 2. Lou may make different parts of one surface 
successively touch the different parts of the other; as 
when you make a ball roll upon a billiard table. 

This latter species of friction is never 50 powerſul 
in retarding motion as the former kind; of which 
you have an evident and familiar proof, in the cus- 
tom of dragging the wheels of carriages when the 
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descent is to deep; for when they are ; afnlic that 4 
coach or waggon should go too fast down a hill, 
they hinder the wheels from going round their axis: 
conscquently, the same point of the circumference 
drags successively upon à number of points on the 


ground, which considerably retards the motion of 
the carriage. It is not so when every. wheel turns in 
the usual way about its axis. 

This may be further illuiraed by — apparatus | 

with friction wheels, which I used in a former Lec- 


ture, in illustrating the theory of accelerated mo- 


tion. To this end I place the axis of the pendulum 


in these two pivots, and then put it in motion. 
It is now a friction of the first kind, as the eylin- 
drical axis passes ee over the bote port of 
each of the holes. [ 


Let us now place the axis 855 the 3 upon 


the intersection of the two pair of rollers, and put 
the pendulum in motion, which motion will cause 


the rollers to turn, and thus be only a friction of 
the second kind, the circumference of one rolling 


on the circumference of the other, the part which 
touched before now touching no longer, the parts 
being also in a favourable direction for disengaging 


themselves from each other, and you will find that it 
will now go a much longer time than before. 
Mr. Garnet has obtained a patent for a new and 


ingenious application of this principle. Between 


the axle and nave of any wheel work, a space is left 
to be filled up by solid equal rollers, nearly touching 


each other; these have. axes, which are inserted 


into a circular ring at either end, whereby their re- 
lative distances to each other are preserved, and they 


are kept parallel to each other, because the circular 
rings are fastened together by small supports which 


pass between the rollers. 
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dy MAN, CONSIDERED AS AN ARTIFICIAL 
e OUT, UL ER OHTNE* > | 
Man has been considered by anatomists, as a 
system of all the artificial machines united in the 


human fabric; they have found the lever, the pul- 


ley, the axle in the wheel, the wedge, and even the 


screw, or at least something resembling each of 


them, in his person: thus his arms have been 


likened to levers; his head turning upon its axle; 


the diagrastic muscle, that assists his swallowing, to 
a rope running. over its pulley; the glands as lifting 
up their flaids in the manner of an artificial water- 


screw; and his teeth have been compared to wedges. 


But some have not stopped here; they have gone 
on not only to please themselves with the resem- 
blance, but to estimate the force of man through all 
his vital and involuntary motions; such as the run- 
ning of the blood through his veins, the drawing 


his breath, and such like, by the inflexible laws of 


mechanism. They have even applied geometrical 
rules to measure the objects constantly in change, 
and built theories upon proportions they were un- 
able to discover. Thus, when Borelli once got the 
hint of comparing the muscles or fleshy parts to 


cords, he then readily built his theory, and calculated 
the human force by considering the thickness of the 


cords, and the length of the lever. Thus, when 
another found the similitude between the blood 
running through its channels, and water spouting 
through pipes, he pursued the-speculation, till he at 
last was taught to believe, that vomits would cure a 
Spitting of blaod, and bathing in warm water would 


: * Survey of Experimental Philosophy, vol. i. p. 245 
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be a remedy for the dropsy : happy, however, had his 
theory never been put into practice. 

It is as impossible to determine the muscular 
force of any man by the bare inspection or admea- 
surement of his muscles, as it is] to measure the 


swiftness of the circulation of his fluids by the 


spouting of his blood from a vein. Neither can be 
done, though Cheyne has pretended to demonstrate, 
that if we compare the muscular strength of two 


animals, that animal whose fluids circulate twice as 
swift, will be six times as strong. Friend and Main. 
dor iohi adopted his demonstration, for he called it 


a demonstration; and indeed it was drawn up. with 
a sufficient degree of mathematical parade. Martine, 
however, in a treatise entitled De Similibus Anima- 
libus, has demonstrated, that Cheyne's demonstra- 
tion was false; but it was in. order to establish an- 
other demonstration of his own. He asserted, that 
the force in similar animals was as the cube roots of 
the fourth power of the limb put in motion. You 
do not, perhaps, understand the preeise meaning of 
these words: but it is no matter, for his demonstra- 
tion is as false as the former. 

From the mere dimensions of the ondclasi in two 
similar animals, it is impossible to determine their 
force. The strength of the musele is generally more 
in proportion to the exercise it has been employed in, 
than to its size: the legs of a chairman are stronger 
by use; it is the same with the arms of a smith: in 
short, to use the words of a bully in a Spanish co- 
medy, who mistook his man and was beaten, we 
can never know the strength of the muscles till we 


experience their effects. 


But though we cannot determine, with any pre- 
cision, of two men which are stronger, yet in the 
same man we can compare the force of his muscles 
with rather more precision. This at least can be 
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said, with great certainty, that those muscles which 
are inserted into the bone, nearest to the place 
where it moves upon another, overcome the greatest 
resistance, and consequently act with the greatest 
force. 25 1 5 

All our flesh is composed of muscles, which 
(if J may use a vulgar similitude) are like red rib- 
bands, and almost all have one of their ends fixed 
into one bone, and another of their ends into some 


other bone. Thus, if we feel the great ham-string, 


which is made up of many muscles, we shall find, 
that at one end it is fixed into the bones of the leg, 
just under the knee, and at the other end it runs 
upwards, partly to be fixed in the great bone of 
the thigh. The muscles being thus stretched from 


one bone to another, have a wonderſul power of 


contracting and shortening themselves at pleasure; 


and when we choose to put them into action, they 


swell in the middle, somewhat in the shape of a 
ninepin. As these muscles thus contract, they 
must necessarily draw the two bones into which 
they are inserted their own way. The ham- string, 
when it contracts, for instance, draws the leg back- . 
ward toward the thigh. When we want to make 
the limb straight, there are muscles inserted under 
the fore- part of the knee, that, contracting, an- 
swer this purpose; while, in the mean time, the 
ham-string suffers itself to be relaxed, in order to 
let the opposing muscles take effect. This being 
understood, it will follow, that if we consider any 
one of the bones, the arm-bone for instance, as a 
beam, and the muscles that raise it, and put it into 
motion, as the power that agitates and works the 
instrument, the whole will give us the idea of the 
third kind of lever, where the prop is at one end; 
the weight to be sustained at the other; and the 
Strength is applied between them both. Thus, for 
mstance, if I stretch out my arm, the prop is in the 
FL 3 -- 
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joint of my shoulder, the weight i is my hand, hd the 


raising power 1s the muscles, which are fixed into 
the arm-bone near the shoulder, and go from thenee 
to be inserted into the bones of the trunk of my 

body. Now,. the nearer the shoulder these mus- 
cles are inserted into the arm bone, it is evident 
that the longer will be the leyer against which they 
are to act, and consequently the greater will appear 
the weight which they are to sustain. To make this 
quite plain, suppose a ladder were laid flat on the 
ground; and suppose that I, standing at one end, 
take the nearest round of the ladder in both my 
hands, and thus pulling back, attempt to raise the 
farther end, keeping the nearer end still steady to 


the ground. Would not this require immense 


strength to effect? Pretty similar is the force that 
the muscles of the arm exert in raising the whole 
length of the arm, and the weight of the hand be- 
side. They are inserted into the bone close to the 
shoulder, and support the whole length of the arm 
in the desired direction. But, what is more, they 
do not only act upon the lever at so disadvan- 
tageous a distance, but also they act upon it in a di- 
reetion the most oblique, and consequently at a 
greater disadvantage still. Suppose I attempt to 


raise the distant end of the ladder, by pulling the 


round nearest me; this, as I said, will be very dis- 
advantageous: but suppose yet farther, that I should 
first he upon my back, and then, by drawing the 


next round to me of the ladder, I should attempt to 


raise the distant end, the force that would be ca- 


pable of effecting this would be incredible. Let 


in this very manner it is that the muscles of the 
shoulder act in raising the arm. They are not only 
inserted at the greatest distance from the weight, 


but they exert their power the most obliquely. 


The force they exert in keeping the hand and arm 
extended 1s great; the force they exert in keeping 
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it extended; while the hand holds a w eight of 
about twenty pounds, is astonishing. Some say, that 
these muscles, upon equal terms, would lift a weight 
ten thousand times greater. What has been here 
said of the muscles of the arm is true, in a greater 
or less degree, of all the muscles of the body; so that 
this natural machine, thus fashioned by the Great 
Workman, is infinitely more powerful than any ar- 
tificial machine that man could form, though it took 
up four times the space. 

The muscles, as we — are e supported by e 
these make altogether a single pillar or column, 
which, though not perfectly straight, but with 
about five different curvatures or bendings, yet 
when perfectly ballanced upon itself, would ac- 
tually support weights that would surprize the in- 
experienced. La Hire and Desaguliers give us se- 
veral accounts of the amazing weight some people 
have sustained, when they are able to fix the pillar 
of their bones directly beneath it. The latter tells 
us of a German, who shewed several feats of this 
kind at London, and who performed before the 
king and a part of the royal family. This man, 
being placed in a proper situation, with a belt which 
rested upon his head and shoulders, and which was 
fixed below to a cannon of four thousand weight, 
had the props which supported the cannon taken 
away, and, by fixing the pillar of his bones im- 
moveably against the weight, supported it with 
seeming unconcern. There are few that have not 
seen those men, who, catching a horse by the tail, 
and placing themselves in direct opposition to the - 
animal's motion, have thus stopped the horse, though 
whipped by his rider to proceed. In all such cases, 
the pillar of the bones is placed in direct opposition 
to the weight; they support each other, and are 
prevented from rubbing or cracking * elastic 
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; gristher fixed between each bone: these give way a 


little upon great pressure, and restore themselves 
almost instantly, when that is removed. Besides 
these, there is a viscous or slimy liquor that is 
squeezed in, as if from a sponge, between every 


joint, and keeps these gristles smooth, moist, and 


pliant. By means of this fluid all the joints move 
easily, and obey the impulse of the muscles with 
greater dispatch. This fluid and the gristles (or 
cartilages, as anatomists call them) contribute not 
a little to the strength of the animal; they resist the 
burden with an elastic force, and conform themselves 
to the inequality of the pressure. In old age both 
are diminished, the gristles become hard, and this 
liquor, which anatomists call the synovia, is squeezed 
out in less quantities. 'The man, therefore, in old 
age, becomes more stiff and more weak, chiefly upon 
this account, though partly because his muscles be- 
come then also more rigid, hard, and less fleshy, as 


it is usually called, as those who have eaten the 


flesh of old animals know. While we are at rest, 
this fluid, or synovia above-mentioned, oozes out 
between the joints, to fit them for the hour of 
action; when in exercise, the ends of their bones 
press against their gristles, and these are separated, 


in some measure, by the synovia or fluid. But 


there is still another liquor, of an oily nature, which 
is presscd at the same time from a small fleshy 
sponge, placed in every joint; and this, mixing 
with the synovia, makes all supple and fit for bu- 
siness. I said that the synovia, or viscid liquor, 
oozes out between the joints in the hour of rest; 
it is therefore in greatest quantity between them in 
the morning, after we have taken our rest the pre- 
ceding night. So great is the quantity usually se- 
parated during sleep between the joints of the back- 
bone, that some men are an inch taller in the morn- 
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ing than at night, and all men are somewhat taller, as 


may be quickly ſound by any who choose to make 


the experiment upon themselves. 


From what has been said it appears, that, in car- 
rying large burdens, the whole art consists in keep- 
ing the column of the body as direttly under the 
weight as possible, and the body as upright under 
the weight as we can: for if the center of gravity 
in the burden falls without this column, it will go 
near to fall; in fact, if the supporter were an inani- 
mate machine, it would fall inevitably; but human 
power, in some measure, catches the center while 
yet beginning to descend, and restores the ballance 
which it had lost the moment before” A man bal- 
lancing under a weight, resembles one of those 
people whom we usually see walking upon a wire; 
they totter from side to side, for a moment lose the 
center of gravity, but by throwing forward a limb, 
or distorting their bodies, they recover it again, to 
the great amusement of every spectator. It is thus 
that he who carries a weight is obliged to act; on 
whatever part of his body the weight is placed, he 
ballances it by throwing as much of his column 
beneath the load as he can. Could the weight be 


laid and evenly ballanced upon him, standing in his 


natural posture, he could, as we observed before; 
support an incredible burden; and though he could 
not move under what he could thus support, yet he 
could carry a much greater load, than if the burden 
were laid in any other manner. The weight a man 
could support, when thus even laid upon his shoul- 
ders, would break the back of the strongest horse 
in the world. The reason is obvious: in a man 
the whole column of bones support the weight di- 
rectly; in a horse, the weight is laid upon the co- 
lumn cross-wise. The porters of Constantinople 
are known to carry each a weight of nine hundred 


| poun ds: they lean upon a staff while loaded, and are 
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unloaded in the same manner. The: porters of 
Marseilles in France are found to carry yet more; 
their manner is this: four of them carry the burden 


between them, each baving a sort of hood that 
covers the temples and head down te the shoulders; 


to this is fastened the cords that support the frame 
or bier on which the weight is laid. By this con- 


trivance, the whole column of the bones acts di- 


rectly against the load, and an immense weight is 
thus sustained. r r 
We now, therefore, at length see the reason why 
two men, carrying a load, can sustain a greater 
weight than what either could separately carry, if it 
were divided into two equal parts. The reason is, 
that two men can bear the load each more upright, 
and with the column of their bones more opposed 
against it. | e e 0s 
As man bears a weight the better the more up- 
right he stands against it, it must follow necessarily, 
that the more bendings he makes in supporting 
weights, the less will be his power. There are three 
principal bendings in the human column; the first 
at the hams, the second at the hips, and the third 
along the back-bone; which resembles the ozier in 
pliancy, though it be stronger than the oak. A man 
of ordinary stature and strength, upon an average, 
has been computed to weigh an hundred and sixty 
pounds; he can support, as we said before, an im- 


mense weight, if his column acts directly against it; 


if he bends a little at the hams, such a man may 


raise from the ground about an hundred and se- 


venty pounds, provided the weights are placed to 
the greatest advantage. If he bends at the hips and 
back, he will lift thirty pounds less. If a weight be 
placed upon his head, and he be put between the 
rounds of a ladder placed horizontally, and breast 


high, he can lift thirty pounds by the strength of 
the museles of his shoulders and neck alone, 


2 oY — — 
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From this we see, that human strength is not 
the fourth part as great when the body is bent, as 
when it is upright. From this also we see, that if 
a man draws a load after him, as in that case all his 
muscles act in an oblique direction, he can exert 


but very little force, when compared to other ani- 


mals. Desaguhers pretends to say, that a horse 
can draw as much, upon an average, as five English 


workmen. The French writers say, Dr. Barthes 


in particular, that a horse can draw as much as six 
Frenchmen, or seven Dutchmen; but if the load 
were to be placed upon the shoulders, two men 
will be found to be as strong as a horse. A Lon- 
don porter shall carry three hundred weight at the 
rate of three miles an hour; two chairmen carry 
an hundred and fifty pounds each, and walk at the 
rate of four miles an hour; whereas a travelling 
horse seldom carries above two hundred weight, 
and a day's journey, with such a load, would be 
apt to disqualify him from travelling the day fol- 
lowing. 1 I Or nn? VV 
Man's greatest force, therefore, is directly up- 
ward; if he draws a load, he must act at a disad- 
vantage. A man, however, when obliged to draw 
a load, a rolling-stone for instance, hath two me- 
thods of doing this; he may either turn his back 


to the stone, and, pushing the frame with his breast, 


thus go onward, while the stone rolls after; or he 
may turn bis face to the stone, and go backward, 
drawing the stone with him. This last method 
may be the most inconvenient, but it gives the 
workman much the greatest share of power, and 
that for two reasons: in the first place, by inclining 
farther back, he can give a greater column of his 
body to the draught; and, in the next place, a 
greater number of his muscles come into action; 
particularly the two great deltoid muscles of the 
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arms, the force of which is very great. It is for 


this reason that men who row a boat, more usually 
draw the oar to them, than push it from them. 


op THE FEATS OF STRONG MEN. 
8 LICE OS RR I ot OREN = ach 1+ 21 30 tobb 
Dr. Desaguliers mentions a German, in his time, 
who passed for a man of uncommon strength, and 


got considerable sums of money by the daily con- 


course of spectators. After having seen him twice, 
the Doctor guested at the manner in which he per- 


formed his tricks, and, as soon as he had prepared a 


proper frame, performed all of them, and usually 
exhibited them afterwards at his Lectures; proving 
that any person of ordinary strength could easily do 
all that the German was accustomed to perform. 
The German sat on the inclined board of a frame, 


with his feet against an upright immoveable prop, 


strongly counterballanced, with a girdle round him 
a little below his hips. To the iron rings of the 


girdle a rope was fixed; the rope went between bis 


legs and through a slit of the prop. Several men, 
or even two horses, could not by pulling move him 
out of his place: he seemed to pull with his hands, 
but these were of no advantage to him. 
The same man, having fixed a rope to a strong 


post, passed it through a fixed iron eye, then hooked 


it on bis girdle, and setting his feet against the post, 
near the said eye, raised himself from the ground by 
the rope; which he broke by suddenly stretching 
out his legs, and fell backwards on a feather- bed 


laid on the ground to catch him. 


He laid down on the ground, with an anvil on his 
breast, upon which another man hammered with all 


his force a piece of iron with a sledge hammer. 


He put his shoulders upon one chair, and his 
heels upon another, aud supported one or two men 


OP WHEEL CARRIAGES. — 5 


standing upon his belly, raising them up and down 
as he breathed; making with his back-bone, thighs, 


and legs, an arch; the abutment being on the chairs. 
He laid down on the ground, a man standing 
upon his knees; he then drew his heels towards his 
breech, and so raised his knees till they were per- 
pendieular under the man; when he raised up his 


own body, and putting bis arms about the man's 


legs, rose with him, and set him down on a low ta- 
ble. This he sometimes did with two men. 


OF WHEEL CARRIAGES. 


By what we have scen of man, contiebed as a 
machine, it is easy to observe that his frame is not 
adapted to drawing carriages; while, on the con- 
trary, in that of an animal upom all fours, the column 
of whose bodies, and the situation of whose muscles, 
act almost directly upon bodies placed behind 


them; they are perfectly fitted by nature for this 
kind of service. Horses are usually employed 


in the draught in England; mules, oxen; and other 
animals, are sometimes used in other parts of the 
world. It might incur ridicule, if we pretended to 
inform the learner, that each of these will draw a 
weight or carriage in proportion as they are strong: 

but notwithstanding this is generally the case, yet 
we are going to mention what will seem a paradox ; 
namely, that two horses may be found, one stronger 
than the other, and also better skilled in the draught, 

yet the weaker sball draw a weight, with the very 
same carriage, the stronger one could not remove! 
This will be effected, if the weakest horse be the 
heaviest; if he exceeds his antagonist more in weight 
than he is excecded in strength. I have before ob- 


served, that the weight re- acts and pulls back the 


horse, as much as the horse acts upon the weight to 
pull j it forwards. Now, the horse has two sources of 


1 


— 


348 OF WHEEL cARRAHIAOESA. 


power in drawing the weight along; his strength, 
which gives him velocity, and his weight, which 


added, gives force; and it is evident, that the horse 


Which hath both in the greatest proportion will draw 
the heaviest weights. If we should imagine both 
horses raising an equal weight from a deep pit, and 


this weight still increased, so as to overcome their 


strength, it is plain that the lightest horse would 


soonest be drawn in. We have several! instances, in 


ordinary practice, of the great benefit of increasing 
the horse's weight to promote his draught. 


Horses have little or no power to draw, but what 


they have from gravity or weight; otherwise the 


could take no hold of the ground, and then ney 
must slip and draw nothing. 

Common experience will inform you, chat if a 
borse is to convey a certain weight, he ought, that 
he may draw the better, have a proportionable 


weight on his back or shoulders. A horse in a two- 


wheeled cart, in which there is a ton weight, when 
it is in an equilibrium will not be able to draw it; 
but when there are fifty or sixty pounds bearing on 
his back, he will draw it with ease. If it be two or 
three tons, if he bears one hundred or two hundred 
pounds on his back, he will be able to draw the load, 
because the wheels of a cart are very high. 

Wben a horse draws hard, he bends forward, and 
brings his breast nearer the ground; and then, if the 


wheels are very high, he is pulling the carriage 
against the ground. 


A horse, tackled in a waggon, will draw two or 
three tons weight, because the line of traction. is 


below his breast. 


It is very common, when one horse is drawing a 
heavy load, to see his fore-feet rise from the ground, 


and he wil nearly stand an end. It is usual in this 


case to add a weight on his back, to keep bis fore- 
feet down, by a person mounting on him, which 


* 


* OF WHEEL CARRIAOES. 349 


vill enable him to draw the load he could not 


move before. 4155 e ee 
The case is nearly the same in applying the 
strength of a man in wheeling a load in a wheelbar- 


row. When most of the load lies on the wheel, he 


will slip, and not beable to get it forward; but then 


bring the weight nearer his arms, he will be able to 


drive it forward. In drawing a heavy garden-roll, if 


the axis of motion were even with that part of his 
body where his arms are extended, he could not be 
able to draw it along; but will draw it easily if the 


line of traction is low. NT; . 
In a loaded cart which hangs nearly in equilibrio, 
if two men were to take it by the shafts, then they 
would not be able to move it; but one of them in 
the shafts, and the other behind the cart, pushing 
the breech upward as well as forward, he lays a load 
on the first man's back, and so pressing both the feet 
against the ground, they will easily draw the load. 
In a long team, where only the hind horse bears 
on his back; if you take off half the number, and 
fix them to a lower point of traction, they will be 
able to move a much greater weight. FOES 
Sledges were probably the first machines used in 
carrying loads; we find them thus. employed in 
Ilomer, in conveying wood for the funeral pile of 


| Patraclus. There are some countries also, that pre- 


serve their use to this day. However, men early 
began to find how much more easily a machine could 
be drawn upon a rough road that run upon wheels, 


than one that thus went with a sliding motion. And 


indeed, if all surfaces were smooth and even, bodies 
could be drawn with as much ease upon a sledge as 
upon wheels: and in Hollund, Lapland, and other 
countries, they use sledges upon the smooth surface 
of the ice; for, as every surface upon which we travel 
18 usually rough, wheels have been made use of, 
which rub less against the inequalities than sledges 
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> would'do. In fact; wheels would not turn at all 
Apon ice if it were perfectly smooth, for the cause 
ol the wheels. turning upon a common road is the 
obstacles they continually meet. For, if we sup- 
pose the wheels to be lifted from the ground and 
carried along in the air, the wheels in this case 
would not turn at all, for there would be nothing to 
put any part in motion rather than another; in the 
same manner, if they were carried along upon per- 
feotly smooth ice, they would meet nothing to give 
a beginning to the circulatory motion, and all their 
parts would rest equally alike. But, if we suppose 
the wheel drawn along a common road, then the 
parts will receive unequal obstructions, for it meets 
. With obstacles that retard it at bottom, therefore the 
upper part of the wheel, which is not retarded, will 
move more swiftly than the lower part, which is; 
but this it cannot do, unless the wheel moves round. 
And thus it is, that the obstacles in the rough road 
cause this circulatory motion in the wheel. 
The utility of wheels arises, therefore, from their 
turning upon their axis, the resistance arising from 
friction is very much diminished, and the draught is 
thereby rendered more easy; and you will find by 
experiment, that it requires eee, less force 
to draw a carriage when the wheels are free to turn 
about their axis, than when they are chained toge- 
ther and cannot turn. According to Helsham, a 
carriage with four wheels will be drawn with five 
times as small an effort as one that slides on the 
same surface in a sledge. From the foregoing ex- 
periment, it not only appears that the friction is very 
much lessened, but that this diminution does not 
arise from the wheels touching the plane in a few 
points, but to their rotation on their axis. 
A sledge passing over a plane undergoes a fric- 
tion, or rubbing of its parts against the plane equal 
to the distance through which it moves; but if an 


OP, WHEEL CARRIAGES. 351 


axis be applied whose circumference. is six inches, 


and on that a Wheel be placed whose circumference 


is eighteen feet, it is evident, that in moving the 


carriage eighteen feet over a plane, the wheels will 


wh 


make but one revolution; and, as there is no sliding 


of the parts between the plane and the wheels, but 
only a mere change of surface, by one part of the 
wheel rising and the other descending nearly per- 
pendicular to the plane, no friction will take place 


there, the whole being transferred to the nave act- 
ing on the axis; which nave having made but one 
revolution in the same time, there has been only a 


sliding of the parts equal to the circumference of 
the hole in the nave here supposed to be about six 
inches, so that the friction is lessened about as one 
to thirty-six; besides the advantage gained by con- 
fining it to so small a surface, whereby the parts are 


more easily kept smooth and fitted to each other, 
and substances applied and retained to lessen the 
remaining friction.“ 33 


By the application of wheels to a carriage, the 


friction is lessened in proportion of the diameters of 


the axis, and concave part of the naves to those of 
the wheels. VV 
When a carriage is drawn up hill, or any regular 
lane ascent without wheels, you have not only the 
Ection to overcome, but the power must also be 
sufficient to overcome that proportion of the weight 
of the carriage, that the perpendicular part of the 
inclined plane bears to that proportion of the plane. 
Wheels applied to a carriage moving up a regular 
plane of ascent appear only to act as removing the 
friction; for, though they may be considered as le- 
vers, yet, as each arm of the lever is lengthened in 
proportion to the size of the wheels, the power will 


*Arotice's Remarks on the comparative Advantages of Wheel 
Carriages, Pp. 21, 40, 41, 42, &c. | | | 
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be only zügmented as far as the ascent can be con- 
sidered as a mechanical power for N the Wheels, 
carriage, &c. to the Tad of the hill. 

Large wheels have'the advantage of Toe ones in 
overcoming obstacles; because they act as levers in 
proportion to their sizes. That in general the cen- 
ter of gravity should be as near as may be to the axis 
of the wheel; and where safety is particularly consi- 
dered, the nearer that center is to the ground the 
better. 


If the ontpericn bs below and che boy be turned 


forwards, as is the case with two-wheeled carriages 


descending hills, then will the greater part of the 
weight be thrown before the axis, and must be partly 
borne. up by the horse that draws; in ascending, the 
same proportion will be thrown backwards and tend 
to lift the animal. If the body be suspended above 
the center of gravity, the disadvantages will be equal, 
but the effect will be reversed. 
The latest experiments on this onbjeot” have been 
made by the Rev. Mr. Vince. Some results thereof 
which have been published in his excellent Plan of 
a Course of Lectures on the Principles of Natural 
Philosophy, I shall now lay before you; besides these, 
there are several curious observations on this subject 
by Mr. L. Edgworth, published in the Transactions 
of the Royal Irish Academy, which are well worth 
your attention; of which, however, I shall only 
mention that which relates to the use of 5prings 
when a pared to carriages. 


Mn. VINCE, ON WHEEL CARRIAGES ON PLANE 
| HARD GROUND. 


If the wheels be all equal and narrow, it requires 


the same weight to draw the carriage, whether it be 
loaded before or behind. | 
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If broad wheels be put on, of the same size and 
weight, . it requires the, same weight to draw the 
carriage as for 3þe narrow wheels, at VERY art | 
it i8doadeds. 7.0! bovis on od nth 45 4 

R Nb two high, 4 it 5 0 2 
ernten weight to dene the ene khan when all 
are 11 s 45 

8 case it "ba no, sensible Adern Aich XD 
90 before. The common opinion, therefore, that 


the high wheels drive on tha: lower ow: they 80 


forward is not true. 


If the wheels be all nt it W 10 a greater 
weight th draw the carriage, the less the wheels are. 
The Jisad vantage of small wheels arises from 
henge, that the resistance of the ground, which 
taͤrns the wheels about, more easily overcomes the 
friction gti the axle in a large than a small wheel, 

because- it acts at a greater distance. For, the me- 
chanical advantage of wheels is, that the resistance 
which must be overcome by a force more than equi- 
valent to it, if the wheels could not turn, is overcome 
by a less force in the proportion of the radius of the 
Wheel, to the radius of the axle, when the wheels do 
turn. Hence, the disadvantage of lay! ing the load 
upon the low Wheels, as it increases the friction 
where there is the least power to overcome it. 
Where the load is but small, and consequently the 
frietion but small, there is but: a small difference 
between the small and large wheels; but when the 
an is great, the Wſerence becomes considerable. 
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le 7 be che wei hs of the RF OH W the erster 
of gravity be in = middle; also if r =the radius of 
the wheel, and y=the height of the obstacle, then 


the power P acting parallel to the horizon which is 
vor. 111. | 2 
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just sufficient to Ballance the carriage at the vbstucle 
; FT DTS TT a8 e 
For the power may be conceived to be drawing a 
weight up an inclined plane; which is à tangent to 

the circle at the point where it touches the obstacle; 
and as when that end rises, the other rests upon the 

horizontal plane, the power has to elevate a weight 
only equal to N io mcd 30.4” od ov 
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Experiments of this kind are subject to iuaccurn- 


cies which cannot be accounted for. The power 
will sometimes hang for somè time without movin 
the carriage, and then it will suddenly draw the 
carriage over the obstacle. Sometimes there will be 
a difference of half an ounce out of about ten ounces 
in drawing the same carriage over the same obstacle, 
although every care is taken to have all the circum- 
stances accurately the same. Many of the experi- 
ments, however, answer very nearly to the theory, 
nor do any of them differ from it very materially. 
The use of high wheels in going over obstacles is 
very manifest from this proposition, and as carriages 
are continually going over obstacles, high wheels will 
always have the advantage. Moreover, in sinking 
into holes, they have a double advantage; first, they 


do not sink so deep as dow ones would; and secondly, 


aſter sinking, they ascend again with less power. 
As, when the center of gravity is in the middle of 
the carriage, the power has but half its weight to 
elevate in going over an obstacle; therefore, when 
the load is not in the middle, it throws the center of 
gravity towards one end, and, therefore, when that 
end goes over an obstacle the power has more than 
balf the weight to raise, the pressure upon each 
wheel being inversely as the distance of the center of 
gravity ſrom them. Hence, every carriage should 
be loaded most towards the higher wheels, by which 
nidans less than half the weight will be thrown upon 
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che lower wheels, and thus each pair of Abels may 
be made to require the same power to draw them 


oyer an obstacle. The same power, however, that 
may be necessary for one obstacle, will not be suff 
cient for another. 

If the height of . obitacle be nevteierbils in 
respect to the radius of the wheel, which is the case 
with the common obstaeles, as stones, &c. 1 1 


carriages usually meet with, then P 77 X 17 


Now as each pair of wheels has the samie 6bstacles 95 
go over, x is given, and that P may be given, or 
that it may require. the same power for each pair, 
must vary as 7; now the weight supported by 
each wheel is inversely as its distance from the cen- 
ter of gravity. Hence to overcome small obstacles, 
the distance of the center of gravity from the great 
wheels; its distance from the small :: the square 
root of the radius of the small wheel: the square 
root of the radius of the large wheel. The radii 
of the wheels of a common waggon are about five 
feet eight inches, and four feet eight inches, and the 
distance of the wheels, when narrow, about six feet 
six inches; hence the center of gravity of the load of 
a waggon ought to be about three feet six inches 
nearer to the higher than to the lower wheels. For 
a broad wheel waggon, where the distance of the 
wheels is about seven feet ten inches, the center of 
gravity ought to be about four feet two 1 57 nearer 
to the higher than to the lower. 

It appears also that when W and æ are giten, "6A 
x is very small, P vanes inyersely as the square root 


of the radius of the wheel. Hence the advantage of a 
wheel to overcome a small obstacle varies as the square 
root of the radius of the wheel. This resistance of the 
obstacle causes the wheel to turn, but this resistance 


is not friction; the friction arises from the rubbin 


of the parts of one bod dy against those of another, 
kbereas there the whe EY turns upen a point 


broad wheel carriage upon sand. 


carriage, will tend to facilitate its draught, and the 
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Pounds instead of fourteen. This remarkable diffe- 


the friction an only takes place at the axle, 
where the parts rub one against another. There is 
therefore no friction at the ground, unless when the 
wheels slide, which is the case when they are 
chained together, which is frequently done to pre- 
vent them lag ain 18 3 deen, a bill. A 
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* requires a less force to draw a narrow than 2 


The disadyantage of the broad Abb Seems to arise 
from their driving the sand before. them. 

If two wheels be high and two low, it requires: a 
greater force to draw the carriage than when all the 
wheels are high. 

If all the wheels be low, it requires a greater force 
to draw the carriage than in the last case. 
In all these cases it requires a less force to draw 
the carriage when loaded behind than before. 

Whatever permits the load to rise gradually over 
an obstacle, without obstructing the velocity of the 


application of springs has this effect to a very con- 
siderable degree; the same weight of four pounds 
being drawn over the same obstacles, when springs 
were put between the load and the carriage, by four 


rence points out the great advantage of springs in 
rough roads, an advantage which might be obtained 
for heavy waggons as well as for other carriages, by 
a judicious application of the same means. 
It appears from the Memoirs of the French Aca- 
demy, that the idea of applying springs to carriages 
had occurred to M. Thomas, in the year 1703, who 
has given a drawing of, a carriage constructed upon 
this principle many years before it was attempted to 
be put in execution. So little expectation. had he 
of success, that he expregsly. mentions it as a theory 


* 
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which Send not be reduced to practice; he had, 
however, no notion of applying springs to facilitate 
the draught, but merely for the convenience of the 
rider; and I apprehend that it is not at present com- 


monly imagined that springs are advantageous for 


this purpose; nor would it at first sight appear cre- 
dible, that, upon a rough paved road, such as are 
common in Cheshire, and other parts of England, 
a pair of horses could draw a carriage mounted upon 


springs with greater ease and expedition than four 


could draw the same carriage if the springs and 
braces were removed, and the carriage bolted fast 


down to the perch. 


The reason why springs so much facilitate the 


draught of carriages seems to be, not only that they 


allow the wheels to pass more gradually over the 
obstacles, but that by their elasticity they make the 
carriage bound upwards every moment for a small 
way; thus its gravity is for that moment in a great 
measure counteracted, and the progressive motion 
which it has already acquired is at liberty to act more 
freely in pushing it forward; for where it possible 
very suddenly to take away the horses from a car- 
riage mounted on springs, and moving with a con- 
siderable velocity, it would continue for some time 
to move of itself; the weight in this case acting as a 
fly upon any mechanical engine, by means of which 
the machine accumulates a certain quantity of 
power, and will keep itself in motion for a conside- 
rable time after the band is taken away from it. 
The weight of all carriages, indeed, has some effect 
of this kind, otherwise the draught would require . 
an intolerable exertion of strength: and it is to be 
observed, that this tendency to proceed in the di- 


rection in which it is once set agoing, is remarkable 


in all great quantities of matter, and very perceptible 
even when weights are pulled directly upward; for, 
in Taming great weights by a crane, the burden i 18 
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lifted with considerable more ease when near the top 
than at the bottom, even after making wenn neoes- 
sary allowance for the weight of the rope. „ 
I have now finished the Lectures on Mechanies, 
a science of whose importance you cannot be ig- 
norant, as it is to the manufacturer and the mer- 
chant that this nation owes its power and glory, 
The manufacturer supplies the merchant, and the 
merchant supplies the world with all its wealth. 
It is thus that industry is promoted, arts invented 
and improved, commerce extended, superfluities 
mutually vended, and wants mutually Teer 
that each man becomes a useful member of societ 
that country is tied to country, and clime to lo; 
that the remotest regions are brought to neigh- 
bourhood and converse. It is thus the labour of 
individuals knits into one family, and weaves into 
one web the affinity and brotherhood of mankind. 
Manufacturers bear so intimate a relation to the 
mechanical powers, as to be incapable of subsisting 
in any degree of vigour without their support; the 
operations would be tedious, expensive, and im- 
perfect, if performed by the mere efforts of human 
strength or manual skill, unassisted by mechanical 
aid. The mechanic powers facilitate their perſorm- 
ance, and render their productions more complete. 
Most of our manufactures are, under providence, 
entirely dependent on our machines. Of the im- 
portance of the steam engine, and the application 
of its active and potent principles to the brewery; 
to machines for spinning cotton and grinding corn, 
&. &c. you are well acquainted, and must there. 
fore be sensible of the importance of mechanical 
knowledge, which will be of the highcst value as 
long as industry and commerce are the natural, the 
living, the never-failing fountains, from whence 
5 the n of this —_ can be taught to 
W. . | 
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Dr. Smith, in his Wealth of Nations, has sbewn; 


chat the productive powers of labour, and the greater 


part of skill, dexterity, or judgment with which it 
is any where directed of applied, seems to have been 
the effects of the division of labour: what is the 
work of one man in a rude state of society being ge- 
nerally that of several in an improved state. To 
make this more easily understood, by considering 
some particular manufacture, he instances that of 2 
pin- maker; a workman not educated to this busi- 
ness, nor acquainted with the machinery used in it, 
which the division of labour has rendered necessary, 


could scarce, perhaps with his utmost industry, make 


twenty pins in a day. But in the way which this 
business is now carried on, not only the whole work 
is a peculiar trade, but it is divided. into a number 
of branches, of which, the: Lung part. ere i 
peculiar, trades. 

One man draws out the wire, another straigh tens 
it, a third cuts it, a fourth, points it, a fifth grinds 
its top for receiving the head; to make the head, 
requires two or three distinct operations; to put 
it on is a pecular business, to whiten the pins is 
another; and it is even a trade by itself to put them 
into paper. And the important business of making a 
pin is in this manner divided into about eighteen 
distinct operations, which in some manufactories are 
all performed by distinct hands, though in others 
the same man will perform two or three of them. 
Dr. Smith mentions a small manufactory, where ten 
only. were employed, and where some of them 
eonsequently performed two or three distinct opera- 
tions; but though they were poor, and therefore but 


_ differently accommodated with the necessary ma- 


chinery, they could, when. they exerted themselves, 
make among them about twelve pounds of pins 


in a day, There are in a pound upward of 4000 


| 
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pins of a middling's size, they could therefore make 
among them upwards ef 48,000 f pins in a day; 
. each person therefor an making a tenth perde 48,000, 
minke” be considered as making 4800 pins a day. 
But if they had all wrought se ray and indepen. 
dently, and without having! been educated 'to- this 
peculiar business, they certainly could not each" of 
them have made twenty p ins a day, perhaps tot one, 
that is certainly not fy 240th, perhaps not the 
4800th, part of what they are at present: capable of 
performing, in consequence of a proper qivision and 
combination of their different operations. 
By this great inerease in the quantity of work, 
which:i is in consequence of the dbvision of labour, 
the same number of people are capable of perform- 
ing, is owing to three different circumstances: 
1. * increase of dexterity i in every particular work- 
man. 2. To the saving of time, which is commonly 
lost! in passing from one species of work to another. 
3. To the invention of a great number of machines, 
which facilitate and abridge labonry, and e one 
man to do the work of many.” 88 
This view of the advantages of meckariice beinte 
out clearly the difference in the order of Providence 
between man and che. det creation. In INCE2 1 


14 e 


gave reason, invention; — 4 a | loveind: nature; he 
gave him weiknesses and wants as à fertile though 
humble bed; wherein be sowed the seeds of every 
human virtue. By those weak nesses and wants he 
compells him to associate; and from society he de- 
rives all the conjugal, paternal, and filial” endear- 
ments; the friend, the neighbour, the citizen, coun- 
tryman, and all the charities chat unite the en 
brotherhood of ma. „„ 
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God suffers not any man, and rarel: y any nation 
to! bp vey of itself, or of ability to apply its 
ow1n Occasions; the wenlthiost, the stronge | 
wisest individual, though of power to 6xten er 
ric through his: country and through the world, ean- 
not sngly provide for his personal subsistence./ 
Thus man, who in himself is the most e 
* pitiable of all living creatures, becomes the most 
powerful and formidable through community; from 
his weakness he gathers strength, and from wants 
he gathers plenty. For here, and here alone, God 
hath laid the foundation of all the wealth and do- 
minion that ever rose upon earth. The innumerable 


wants, infirmities, and diseases that are incident to 


human nature demand innumerable provisions from 
the various arts, sciences, manufactories, and occu- 
pations that are exercised and cultivated throughout 
the earth; for from these alone arises the universal 
wealth of the world; whatever is necessary, useful, 
commodious; whatever conduces to the convenience, 
delight, or happiness of mankind. Hence the buzz 
of wheels, reels, and looms; the sound of hammers, 


files, and forges; the sbouts of vintage, and the 
songs of harvest. 


Though man's life congartiti not in the ines 


ol his possessions, yet industry, which is the natural 
parent of opulence, is as well a blessing as a duty 


to man, ever since he was appointed to earn his 


bread with the sweat of his brow. Many temporal 
benefits follow in the train of industry, its works * 


are the works of peace, and it tends to open the 
avenues where the virtues may walk; and all le- 
gislators are called upon to encourage the mechanic 
arts, that they may promote ingenuity and industry, 
and enable the ———— to persevere in his la- 
bour. When the good houscholder walked out to 

the market-place, and found labourers loitering 


innerer“ 
5 4% & 4 


_ © already given by our Author, have judged, that it 
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4 . W it was now toward dbeccvenitfg/ b ache | 
them, Why stand ye here idle?“ and when they 
answered, because no man hath hired or given » 
employment, he took this fr a 's8ufficient- ax 

be had compassion upon them, and her: be 
them with the divinest kinds of ge e the 
of neee e rere Dc mmm and} 
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| CONTAINING 4 ns pals hoo OF, TWO WHIRLING 
TABLES, on MACHINES, FOR EXHIBITING, AND 
- DEMONSTRATING, BY, EXPERIMENTS. THE NA- 
- |, TURE, OF, CENTRAL FORCES, OR THE PRINCIPAL 
LAWS or GRAVITATION, OF THE, PLANETARY 
MOTIONS IN THEIR ORBITS, THE DOCTRINE or 
'KIDEBS, &c. Plate „ 
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| Tur whirling.4 table may 00 Row. ee 27 a . "Heh 
rer as an essential part of his mechanical apparatus; 
and as it illustrates some of the laws in Mechanics 


will be acceptable to many readers to have a desenp⸗ 


| tion of two of the most approved sort. Ef 
ig. I, plate b, is the representation of a whirling 2 


15 e constructed in the most portable and simple I 
manner by the late Mr, James Ferguson, and was 1 

desaribed by him in Lectures on Select Subjects, * 
first published many years ago, and from which the W- 
nt description! if extrached. | 
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and the great wheel D. On the upper end of the 
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„AA 16 strong frame of wood, B a winch or 
handle fixed on the axis, C, of the wheel: D, round 
which is the eatgut string P, which also goes round f 
the small wheels G and K, crossing between them 


axis Of the wheel G, above the frame, is the 


round board 4, to which the bearer, NS X, may. be. 


fastened accasionally, and removed when it is not 
wanted. On the axis of the wheel, H, is fixed the 
bearer NT Z: and it is easy to see, that when the 
winch, B, is turned, the wheels and bearers are Pur 


into a whirling eienr, 


Each bearer has two wires WX, and YZ, fixed 1 


and screwed tight into them at the ends by nuts on 


the outside. And when these nuts are unscrewed, 
the wires may be drawn out in order to chan the 
balls U and V, which slide upon the wires by means 
of brass loops fixed into the balls, which keep the 


balls up from touching the wood below them. A 


strong silk line goes through each ball, and is fixed 


0 it at any length from the center of the bearer to 


its end, as occaszon requires, by a nut-screw at the 


top of the ball; the shank of the screw goes into 


the center of the ball, and presses the line against 
the under side of the hole that it goes through. 
The line goes from the ball, and under a small pulley 
fixed in the middle of the bearer; then up through a 
socket in the round plate, see S and T, in the mid- 
dle of each bearer; then through a slit in the middle 
of the square top, O and P, of each tower, and going 
over a small pulley on the top, comes down again 
the same way, and is at last fastened to the upper 


end of the socket fixed in the middle of the above- 


mentioned round plate. These plates, 8 and T, 
have each four round holes near their edges for 
letting them slide up and down upon the wires, which 


make the corners of each tower. The balls and 
i Ke being thus: eee each by its ae 


Fg 
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8 line, it is IO that if the balls be drawn ein, 


or towards; the ends, M and N, of their respec- 
tive bearers, the round * 8 and T, will be 
drawn up to the. top, of their ee towers 
Ogg F. RD Ty nn ODT 
46 There are several brass weights, some of two 
ounces, some of three, and some of four, to be 
occasionally put within the towers O and P, upon 


the round plates 8 and T; each weight having a 


round hole in the middle of it, for going upon the 
sockets or axes of the plates, and is slit from the 
edge to the hole, for allowing it to be slipt over the 
See line, which comes from each ball to its re- 
spective plate. Sce fig. 2. 
e The e to be made by this machine are 
as follow: 

= "Fa Th, he pt opensity matter to 5 the State it is 
in. ak te away the bearer MX, Pigs 1, and take 
the ivory ball, 4, to which the line or silk cord, b, is 
fastened at one end; and, having made a loop on 
the. other end of the cord, put the loop over a pin 
fixed in the center of the board d. Then turning 


the winch, B, to give the board a whirling motion, 


you will see, that the ball does not immediately be- 
gin to move with the board, but, on account of its 
inactivity, it endeayours to continue in the state of 
rest which it was in before. Continue turning until 

the board communicates an equal degree of motion 

with its own to the ball, and then turning on, you 
will perceive, that the ball will remain upon one part 
of the board, keeping the same velocity with it, and 
having no relative motion upon it, as js the case 


with every Gia that lies, loose upon the plane sur- 


face of the earth, which having the motion of the 


earth communicated to it, neyer endeayours to re- 
move from that place. But stop the board suddenly | 


by band, and the ball will go on, and continue; to 


revolve upon the board, until the friction thereof 


stops its motion: which shews, that matter being 


2 


R 


fell upon it. N TIT 
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once put in motion, will continue to move for ever, 
if it met with no resistance. In like manner, if a 


person stands upright in a boat, before it begins to 


move he can stand firm; but the moment the boat 


sets off, he is in danger of falling towards that place 


which the boat departs from: because, as matter, he 
has no natural propensity to move. But when he 


acquires the motion of the boat, let it be ever so 
swift, if it be smooth and uniform, he will stand as 


upright and as firm as if he was on the plane shore; 
and if the boat strikes against any obstacle, he will 
fall towards that obstacle, on account of the pro- 
pensity he has, as matter, to keep 1 motion which 
the boat has put him into. 

42. Take away this ball, and put a 8 cord 
to it, which may be put down. through the hollow 
axis of the bearer MX, and wheel G, and fix a 


weight to the end of the cord below the machine; 


which weight, if left, at liberty, will drawithe wall 


from the edge of the whirling board to its. center; 
Bodies moving in orbits have a tendency to Hy out 

of these orbits. Draw off the ball a little from the cen- 

ter, and turn the winch; then the ball will go round 


and round with the board, and will gradually fly off 
| farther and farther from the center, and raise up 


the weight below the machine; which shews, that 


all bodies revolving in circles have a tendency to 
fly off from these circles, .and must have some 
power acting upon them from the center of motion, 


to keep them from flying off. Stop the machine, 


and 4 ball will continue to revolve for some time 
upon the board; but as the friction gradually stops 


its motion, the weight acting upon it will bring it 


nearer and ncarer to the center in every revolution, 


until it brings it quite thither., This shews, that if 
the planets met with any resistance in going round 


the sun, its attractive power would bring them. 


nearer and nearer to it in apes revolution, u SY 


F . 
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c 3. Bols bub 9 er in nal o#birs 1. mM ar 
been 5 Take hold of the cord below the machine with 
one hand, and with the other throw the' ball upon 


the rouhd* board | as it were at right angles to the cord, 


* by which means it will go round and round upon 
the board. Then Observing with what velocity it 
moves, pull the cord below the machine, which will 
bring the ball nearer to the center of the board, 
and you will see, that the nearer the ball is drawn 
to the center, the faster it will revolve; as those 
planets which are nearest the sun revolve faster than 
those which are more remote; and not only g 
round sooner, because they describe smaller circles, 
but even move faster in 1 pare of _ Tespective 
circle. 25 

. Their bauen forces e Take away 
this ball, and apply the bearer MX, whose genter of 
motion is in its middle at , directly over thb center 


of the whirling board d. Then put two balls, V and 


U, of equal we ghts upon their bearing wires, and hav- 
ing fixed them 50 equal distances from their respective 
centers of motion, w and x, upon their silk cords, by 


the screw nuts, put equal weights in the towers O 


and P. Lastly, put the catgut strings, E and F, upon 
the grooves, & and H, of the small wheels, which, 


being of equal diameters, will give equal velocities o 


the bearers above, when the winch, B, is turned: 
and the balls, U and V, will fly off towards M and 
N; and will raise the weights 1 in the towers at the 
same instant. This shews, that when bodies of equal 
quantities of matter revolve in equal circles with equal 
velocities, their centrifugal forces are equal. 


4 5, Take away these equal balls, and instead of 


them, put a ball of six ounces into the bearer, MX, 
at a sixth part of the distance, w 253 from the center, 
and put à ball of one ounce into the opposite 
bearer,” at the whole distance » y, which is equal 
to 20 2, from the center of the bearer; and fix Aube 
balls at these distances on their cords, by the screw 


CF) 
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nut atop! and then the ball U, which is/six times 
as heavy as the ball V, will be only a 8ixth part of 
5 the distance from its center of motion; and, conse- 
ently will revolve in a circle of only a Sixth part of 
i circaryſerence'of the bircle in which V revolves. 
Now, let any equal weights be put into the towers, 
3 ine be turned by the winch; which, as 
| at string i 18 On equal wheels below; will Aussee 
te hal sto revolve ity oqual times: but V will move 
six times as fat as U, because it revolves in a circle 
ol six times its radius; and both the weights in the 
towers will rise at once. This shews; that the centri- 
fugal forces of revolving bodies, or their tendencies 
1 fly off from the eireles they describe are in direct 
proportion to their quantities of matter multiplied 
into their re velocities; or into their dis- 
tances From the centers of their respective circles. 
For, Suppose U, which weighs six ounces, to be 
two inches "Fro its center of motion , the weight 
muftiplied by che distance is 12: and suppesing V, 
W weighs only one ounce, to be 12 inches dis- 
taſit from the center of motion x, the weight 1 ounce, 
multiplied by the distance 12 inches, is 12. And 
as they revove in equal times, their velocities are as 
their distances from the center, namely, as 1 to 6. 
©: © Tf thezeXwo balls be fixed at equal distances from 
their respective centers of motion, they will move 
with equi velocities; and if the tower, O, has six 
- Umes as much weight put into it, as che tower, P, 
has, the balls will raise their weight exactly at the 
same moment. This shews that the ball U, being 
six times as heavy as the ball V, has six times as 
much centrifugal force, in deseribing an equal circle 
with an egal yelocity. eee 
4 6. A double velocity in the same abate is 4 
balance 1 4 quadruple e of gravity. If be- 
ws of equal weights revolye in equal circles with 
_ Unequal velocities, / their centrifugal forces are as 
the squares of the velocities. To prove this law 
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by an experiment, let tub balls, Land. Vs of qua 
weights he (fixed on heir, oords at equal. distances 
from thgir, respeętiye centers of motion a atid- x; 


and then let, the; dat gutistring, H, be put roun 

i the wheel K. hose eircumference 18 Oh on If 
of: the circumference of the Soy in} a and over 
the pulley, g to keep it tight and lot; our; times, ag 
much | weight be put zuto che tower , as in the 
tower O. Then turn the winch B, god the hall, V, 


will reyolye; twice ag fast G, ch ball N in a eircle 


of the same diameter, because they are-equidistans 
rom the centers of the eireles in which they rexvolve; 
and the weights in the towers Will both rise nt the 

same instant; „Which shewWs, that a double velocity 


\ 


in the game cirele will exactly, balance, a quadruple 


power of attraotion in the enter Of. the, circle. 
For the e in the towers mah be considered . as 
the attractive forces in the. centers, Agting upon the 
revolving balls Which, mpving in; qual, eircles, is 


the same thing as if they moved in one and the same 
circle. ot Ai „ ilk 


they describe; their oentriſugal torces are inversely as 
the squares of their distances from those renters. For, 
the catgut string remaining as in the, Inst experi- 
ment, let the distance of the ball V, from the center 


. be made equal to two of. the cross divisions on 
its bearer; and the distance of the ball U, from the 


center w, be three and a sixth part; the balls them- 


selves being. of equal weights, and V making two 
24 os . V . * 
revolutions by turning the winch, in the time that 
U makes one: $0. that-if we suppose the ball, V, to 
revolve in one second, the ball, U, will revolve in 
o seoonds, the squares of which are one and 
four: for the square of 1 is only 1, and the square 
of 218 4; therefore the square of the period, or re- 
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relation of the ball V, is contained four Une in the 


square of the period of the ball U. But the dis- 


tance of V is 2, the cube of which is 8, and the dis- 
tance of U is 33, the cube of which is 32 very 
nearly, in which 8 is contained four times; and 
therefore, the squares of the periods of V and U 
are to one another as the cubes of their distances 


from # and wv, which are the centers of their respec- 
tive circles. And if the weight in the tower, O, be 


four ounces, equal to the square of 2, the distance 
of V from the center x; and the weight i in the tower, 
P, be 10 ounces, nearly equal to the square of 334, 
the distance of U from w; it will be found, upon 
turning the machine by the winch, that the balls, 
U and V, will raise their respective weights at the 
same instant of time. Which confirms that famous 
proposition of Kepler, vis. That the squares of the 
periodical times of the planets round the sun are 
in proportion to the cubes of their distances from 
him; and that the sun's attraction is inversely as the 
square of the distance ſrom his center: that is, at 
twice the distance, his attraction is four times less; 
and thrice the distance, nine times less; at ur 
times the distance, sixteen times less; and SO on, to 
the remotest part of the system. 

* 8. The absurdity of the Cartesian vorlexes. Take 
off the catgut string, E, from the great wheel D, 
and the small wheel H, and let the String, F, | 


| remain upon the wheels D and G. Take away 
also the bearer, MX, from the whirling board d, 
and instead thereof put the machine, AB, upon it, 


fixing this machine to the center of the board by the 
pins c and d, fig. 3, in such a manner, that the end, 
ef, may rise above the board to an angle of 30 or 
40 degrees. In the upper side of this machine are 
two glass tubes, à and þ, close stopped at both ends; 
and each tube is about three quarters full of water. 
In the tube, a, is a little quicksilver, which naturally | 

vor- ILL, bY os 6 AL 
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falls down to the end, a, in the water, because it is 


heavier than its bulk of water; and on the tube, ö, 


is a small Cork, which floats on the top of the water 
at e, because it is lighter; and it is small enough to 
have liberty to. rise or fall in the tube. While 


the board, 5, with this machine upon it, conti- 
nues at rest, the quicksilver lies at the bottom 
of the tube a, and the cork floats on the water 
near the top of the tube, . But, upon turning the 


winch, and putting the machine in motion, the 
contents of each tube will fly off towards the upper- 
most ends, which are farthest from the center of 
motion, the heaviest with the greatest force. There- 
fore the 1 in the tube, 4, will fly off quite 


to the Cn 5 and occupy its bulk of Space there, ex- 
cluding the water from that place, because it is 


lighter than quicksilver; but the water in the tube 
b, flying off to its higher end e, will exclude the 
cork from that place, and cause the cork to descend 
towards the lowermost end of the tube, where it will 
remain upon the lowest end of the water near ö; 
for the heavier body having the greater centrifugal 
force, will therefore possess the uppermost part of 
the tube; and the lighter body will keep between the 


. 


heavier and the lowermost part. 


This demonstrates the absurdity of the Cartesian 


vortexes: for, if the planet be more dense or heavy 
than its bulk of the vortex, it will fly off therein, 


doctrine of the planets moving round the sun in 


farther and farther from the sum; if less dense, it 


will come down to the lowest part of the vortex, at 
the sun: and the whole vortex itself must be sur- 
rounded with something like a great wall, otherwise 
it would fly quite off, planets and altogether. But, 
while gravity exists, there is no occasion for such 
vortexes; and when it ceases to exist, a stone thrown 
upwards will never return to the earth again. 
* 9, F one body moves round another, both of them 
must move round their common center of gravity. It a 
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body be so placed on the whirling board of the 
machine, g. 1, that the center of gravity. of the 
body be directly over the center of the board, 
and the board be put into ever s0 rapid a motion by 
the winch B, the body will turn round with the 
board, but will not remove from the middle of it; 
for, as all parts of the body are in equilibrio round 
its center of gravity, and the center of gravity is at 
rest in the center of motion, the centrifugal force 
of all parts of the body will be equal at equal dis- 
tances from its center of motion, and therefore the 
body will remain in its place. But, if the center of 
gravity be placed ever so little out of the center of 
motion, and the machine be turned swiftly round, 
the body will fly off towards that side of the board 
on Nn. its center of gravity lies. Thus, if the wire 
C, with its little ball B, fg. a, be taken away from the 
demi- globe A, and the flat side, ef, of this demi- 
globe be laid upon the whirling board of the ma- 
chine, so that their centers may coincide; if then 
the board be turned ever so quick by the winch, 
the demi-globe will remain where it was placed. 
But, if the wire, C, be screwed into the demi-globe 
at d, the whole becomes one body, whose center of 
gravity is now at or near d. Let the pin, c, be fixed 
in the center of the whirling board, and the deep 
groove, b, cut in the flat side of the demi- globe, be 
put upon the pin, so as the pin may be in the center 
of A, see Fig. 5, where this groove is represented at , 
and let the whirling board be turned by the winch, 
which will carry the little ball B, Vg. 4, with its wire 
C, and the demi-globe A, all round the center pin 
ei; and then, the centrifugal force of the little ball 
B, which weighs only one ounce, will be so great, 
as to draw off the demi-globe A, which weighs two 

bounds, until the end of the groove, at e, strikes 
im Against the pin c, and so prevents the demi-globe, 
f a A, from going any farther: otherwise, the centri- 
1 *. N bus £, ied e . a 
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fugal force of B would have been great enot gh to 
have carried A quite off the whirling board. Which 
shews, that if the sun were placed in the very center 
of the orbits of the planets, it could not possibly 
remain there; for the centrifugal forces of the 
planets would carry them quite off, and the sun 
with them; especially when several 'of them bap- 
pened to be in any one quarter of the heavens. For 
the sun and planets are as much connected by the 
mutual attraction that subsists between them , as the 
bodies A and B are by the wire C, which is fixed 
into them both. And even if they were but one 
single planet in the whole heavens to go round ever 
o large a sun in the center of its orbit, its centrifugal 
force would soon carry off both itself and the sun. 
For, the greatest body placed in any part of free 
space might be easily moved: because, if there were 
no other body to attract it, it could have no weight 
or gravity of itself; and, consequently, though it 
could have no tendency of itself to remove from that 
part of space, yet it might be very cally moved by 
any other substance. 

56 10. As the centrifugal bores of the light body, B, 
will not allow the heavy body, A, to remain in the 
center of motion, even though it be 24 times 7 
heavy as B; let us now take the ball A, g. 0 
which weighs six ounces, and conneot it by the wire, 
C, with the ball B, which weighs only one ounce; 
_ and let the fork, E, be fixed into the center of the 

_ whirling board: then hang the balls upon the fork 

by the wire, C, in such manner, that they may ex- 
actly ballance each other; which will be when the 
center of gravity between them, in the wire at 4, is 
supported - by the fark. And this center of gravity is 
as much nearer to the center of the ball A, than to 
-the center of the ball B, as A is heavier than B, al- 
lowing for the weight of the wire on each side of 
the 5 765 This done, let the machine be put into 
motion n by the nee; and the balls, A and B, will - 
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round their common center of gravity d, keep- 
ing their-ballance, because either will not allow: 


the other to fly off with it. For, supposing the 


ball, B, to be only one ounce in weight, and the 
ball, A, to be six ounces; then, if the wire, C, were 

nally heavy on each side of the fork, the center 
of vity, a, would be six times as far from the 


center of abe ball, B, as from that of the ball A; 


and, consequently, B will revolve with a velocity 


six times as great as A does; which will give B six 


times as much centrifugal force as any single ounce 


of A has: but then, as B is only one ounce, and 


A six ounces, the whole centrifugal force of A will 
exactly ballance the whole centrifugal force of B: 
and, therefore, each body will detain the other 0 


as to make it keep in its circle. This shews, that 


the sun and the planets; must all move round the 
common center of gravity of the whole system, in 
order to preserve that just ballance which takes 
pane: among them. For, the planets: being as 

unactive and dead as the above balls, they could 
no more have put themselves into motion than 
these balls can; nor have kept in their orbits with- 


out being ballanced at first with the greatest de- 


gree of exactness upon their common center of gra- 


vity, by the Almighty Hand thas made them and put 


them in motion. 
„ Perhaps it may be here wa, that since the 


center of gravity between these balls must be sup- 


ported by the fork, E, in this experiment, what prop 
it is that supports the center of gravity of the solar 

system, and consequently bears the weight of all the 
bodies in it; and by what is the prop itself supported? 
The answer is easy and plain; for the center of 
gravity of our balls must be supported, because they 
gravitate towards the earth, and would therefore 
fall to it: but, as the sun and planets gravitate only 
towards one another, they have nothing else to fall 
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to; and thetelons have no occasion for any ain to 
e their common center of gravity: and if \ Sg 
did not move round that center, and consequently 
acquire a tendency to fly off from it by their mo- 
tions, their mutual attractions would soon bring 
them together; and so the whole would become 
one mass in the sun: which would also be the case 


if their velocities round the sun were not quick 


enough to create a een force 8 ee to the 
sun's attraction. | 

But after all this nice adhntmont; it appears, evi- 
dent, that the Deity cannot withdraw his regulating 
hand from his works, and leave them to be solely 
governed by the laws which he has impressed upon 
them at first. For if he should once leave them so, 
their order would in time come to an end; because 
the planets must necessarily disturb one another's 
motions by their mutual attractions, when several 
of them are in the same quarter of the heavens; as 
is often the case: and then, as they attract the sun 
more towards that quarter than when they are in a 
manner dispersed equably around him, if he was 
not at that time made to describe a, portion of a 
larger cirele round the common center of gravity, 
the ballance would then be immediately destroyed; 
and, as it could never restore itself again, the whole 
system would begin to fall together, and would in 
time unite in a mass at the sun. Of this disturb- 
ance we have a remarkable instance in the comet 
which appeared lately; and which, in going last 
up before from the sun, went so near to Jupiter, 
and was so affected by his attraction, as to have the 
figure of its orbit much changed; and not only so, 
but to have its period altered, and its course to be 
different in the heavens from what it was last before. 
“11. Take away the fork and balls from the whirl- 
ing board, and place the trough, AB, # fs. 7, thereon, 
fixing its center to the center of the W irling board 


i- 
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ch are two balls, D and 
E, of unequal weights; connected by a wire f, and 
made to glide easily upon the wire, C, stretched from 


end to end of the trough, and made fast by nut- 


screws on the outside of the ends. Let these balls 
be 80 placed upon the wire C, that their common 


center of gravity, g, g, may be directly over the center 
of the whirling board. Then turn the machine by 


the winch, ever so Swiftly, and the trough and balls 
will go round their center of gravity; so as neither 


of the balls will fly off; because, on account of the 


equilibrium, each ball detains the other with an 
equal force acting against it. But if the ball, E, be 


dran a little more towards the end of the trough at 
A, it will remove the center of gravity towards that 


end from the center of motion; and then, upon 


turning the machine, the little ball, E, Will Ry off, 


and strike with a considerable force against the 
end A, and draw the great ball, B, into the middle 
of the trough, Or, if the great ball; D, be drawn 
towards the end, B, of tlie trough, 80 that the center 
of gravi y may be ali ttle towards that end from the 
center of motion, and the machine be turned by the 
winch, the great ball, D, will fly off, and strike 


| violently against the end, B. of the trough, and will 


Bring the little ball, E, into the middle of it. If the 
trough be not made very strong, the ball, D, will 
break through it. 82 8 
8 12. Of the tides. The reason why . tides rise 
at the same absolute time on opposite sides of the 
earth, and consequently in opposite directions, is made 
| abundantly plain by a new experiment on the whirling 
table. The cause of their rising on the side next the 
moon every one understands tobe owing to the moon's. 
attraction : but why they should rise on the opposite 
side at the same time, where there is no moon to at- 


tract them, is perhaps not so generally understood. 


376 or WHIRLING TABLES, 


For /it would seem, chat the moon should rather 
draw the waters, as it were, closer to that side, than 
raise them upon it, directly contrary to ber at- 
tractive force. Let the circle a þ cd, fig. 8, repre- 
sent the earth, with its side, c, turned, toward the 
moon, which will. then attract the waters so, as to 
raise them from c to. g. But the question is, why 
should they rise as high at that very time on the op- 
posite side, from a to e? In order to explain this, 
let there be a plate AB, g. g, fixed upon one end 
of the flat bar DC; with such a circle drawn upon 
it as 4 5c d, in fig. 8, to represent the round figure 
of the earth and Sea; and such an ellipsis, as e g I, 
to represent the swelling tide at e and g, occasioned 
by the influence. of the moon. Over this plate, 
AB, let the three ivory balls, e, /, g, be hung by the 
silk lines I, i, k, fastened to the tops of the crooked 
wires HI: K, in such a manner, that the ball, at e, 
ma) hang freely oyer the side of the cirole e, which 
is farthest from; the moon, M, at the other end of 
the bar; the ball, at 7, may bang freely oyer the 
center, and the ball, at g, hang over the side of the 
circle g, which is nearest the moon. The ball, J, 
may represent the center of the earth, the ball, g, 
* water on the side next the moon, 200 the ball, | 
some water on the opposite side. On the back of 
e moon, M, is fixed the short bar, N „ parallel to 
the horizon, and there are three holes in it above 
the little weights b, 9, r. A silk thread, o, is tied to 
the line, &, close above the ball g, and passing by 
one side of the moon M, goes through a hole in the 
bar N, and has. the weight, 5, hung to it. Such 
another thread , is tied to the line i, close above the 
ball y, and . through the center of the moon, 
M. and middle o the bar N, has the weight, 9, hung 
to it, which is lighter than the weight p. A third 
thread, m, is tied to the line, h, close above the ball 
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e, awd passing by the other side of the 'moon M, 
through the bar N, has the weight, 75 * to * 
which is lighter than the weight 9. 

The ũse of these three ee weights 3 is to re- 
present the moon's unequal attraction at different 
distances from her. With whatever force she at- 


tracts the center of the earth, she attracts the side 


next her with a greater degree of force, and the side 
farthest from her with à less. So, if the weights are 
left at liberty, they will draw all the three balls to- 
wards the moon with different degrees of force, and 
cause them to make the appearance shewn in 
g. 10; by which means they are evidently farther 
from each 3 5 than they would be if they hung at 
liberty by the lines 4, i, &; because the lines would 
then hang perpendicularly. This shews, that as 
the moon, attracts the side of the earth which is 
nearest her with a greater degree of force than se 
does the center of the earth, she will draw the water 
on that side more than she draws the center, and so 
cause it to rise on that side: and as she draws the 
center more than sbe draws the opposite side, the 
center will recede farther from the surface of the 
water on that. opposite side, and so leave it as high 
there, as she raised it on the side next to her. For, 
as the center will be in the middle between the 
tops af the opposite elevations, they must of course 
be equally high on both sides at the same time. 
But, upon this supposition, the earth and moon 
would soon come together: and to be sure they 
would, if they had not a motion round their com- 
mon center of gravity, to create a degree of centri- 
fugal force sufficient to ballance their mutual. at- 
traction. This motion they have; for as the moon 
goes round her orbit every month, at the distance 


of 240,000 miles from the earth's center, and of 


234,000 miles from the center of gravity of the 
earth and moon, so does the earth go round the same 


* 
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center of gravity 'eyery month at the distance of 
60000 miles from it; that is, from it to the center of 


the earth. Now as the earth is, in round numbers, 


80000 miles in diameter, it is plain, that its side next 


the moon is only 2000 miles from the common cen- 
ter of gravity of the earth and moon; its center 


6000 miles distant therefrom: and its farther side 
from the moon 10,000. Therefore, the centrifugal 
forces of these parts are as 2000, 6000, and 


10,000; that is, the centrifugal force of any side 


of the earth, when it is turned from the moon, is 
five times as great as when it is turned towards 
the moon. And as the moon's attraction, expressed 


by the number 6000, at the earth's center, keeps 
the earth from flying out of this monthly circle, it 
must be greater than the centrifugal force of the 
waters on the side next her; and, consequently, her 
greater degree of attraction on that side is sufficient 
to raise them; but as her attraction on the opposite 
side is less than the centrifugal force of the water 
there, the excess of this force is sufficient to raise 
the water just as high on the opposite side. To 
prove this experimentally, let the bar, DC, #g.9, with 


Its furniture, be fixed upon the whirling board of the 


machine, Ig. 1, by pushing the pin, P, into the 


center of the board; which pin is in the center of 


gravity of the whole bar with its three balls e, f, 2, 
and moon M. Now, if the whirling board and bar 


de turned slowly round by the winch, until the 
ball, F, __y over the center of the circle, as in 


Fg. 11, the ball, g, will be kept towards the moon 


by the heaviest weight p, Fg. g, and the ball e, on 


account of its greater centrifugal force, and the 
lesser weight r, will fly off as far to the other side, 


as in Fg. 11. And so, whilst the machine is kept 


turning, the balls, e and g, will hang over the ends 


of the ellipsis IF. So that the centrifugal force of 


the ball, e, will exceed the moon's attraction just as 
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much as her attraction exceeds the centrifugal force 


of of the ball g, whilst her attraction just ballances the 
* centrifuga force of the ball /, makes it keep in its 
xt circle. And hence it is evident, that the tides must 
K rise to equal heights at the same time on opposite 
er sides of the earth. This experiment, to the best of 
le my knowledge, is entirely nev. 

il Ie earth's motion demonstrated. From the prin 

d ciples thus established, it is evident, that the eaves 
le moves round the an, and not the sun round the earth: 
, for the centrifugal law will never allow a great body to 
s move round a small one in any orbit whatever; espe- 
d cially when we, find, that if a small body moves round 
J a great one, the great one must also move round the 
t common center of gravity between them two. And it 

© is well known, that the quantity of matter in the sun is 

r 227,000 times as great as the quantity of matter in the 
t carth. Now, as the sun's distance from the earth is at 
T least $1,000,000 of miles, if we divide that distance 
r by 227,000, we shall only have 357 for the number of 
- miles that the center- of gravity between the sun 
) and earth is distant from the sun's center. And as 

5 the sun's semidiameter is one-fourth of a degree, 

> which, at so great a distance as that of the sun, 

ö must be no less than 381,500 miles, if this be di- 
f vided by 357, the quotient will be 1008F, which 


shews, than the common center of gravity between 
the sun and earth is within the body of the sun; and 
is only the 10683 part of his semidiameter from his 
center towards his surface. 
All globular bodies, whose parts can yield, an 
which do not turn on their axes, must be' perfect 
spheres, because all parts of their surfaces are equally 
attracted toward their centers. But all such globes 
which do turn on their axes will be oblate sphe- 
roids; that is, their surfaces will be higher, or farther 
from the center, in the equatoreal than in the polar 
regions. For, as the equatoreal parts move quickest, 


r 
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they must have the greatest centrifugal force; and 
will therefore recede farthest from the axis of motion. 
Thus, if two circular hoops, AB and CD, fg. 12, 
made thin and flexible, and crossing one another at 
right angles, be turned round their axis E F, by. 
means of the winch m, the wheel n, and pinion o, 
and the axis be loose in the pole or intersection e, 
the middle parts A, B, C, D, will swell out so as to 
strike against the sides of the frame at F and G, if 
the pole e, in sinking to the pin E, be not stopt by 
it from sinking farther: so that the whole will appear 
of an oval figure, the equatoreal diameter being 
considerably longer than the polar. That our earth 
is of this 3 is demonstrable from̃ actual mea- 
surement of some degrees on its surface, which are 
found to be longer in the frigid zones than in the 
torrid: and the difference is found to be such as 
proves the earth's equatoreal diameter to be thirty-six 
miles longer than its axis. Seeing then, the earth is 
higher, at the equator than at the poles, the sea, 
which like all other fluids naturally runs downward, 
or toward the places which are nearest the earth's 
center, would run toward the polar regions, and 
leave the equatoreal parts dry, if the centrifugal 
force. of the water, which carried it to those parts, 
and so raised them, did not retain and keep it 
from running back again toward the poles of the 
earth.“ i 
The apparatus of Mr. Ferguson to illustrate the 
theory of the tides is rather incorrect and inconsistent. 
F should not have inserted his description of it in 
this work, but that some uninformed readers might 
be possessed of a whirling table with such an appa- 
ratus. It is an appendage that may hereafter be 
dispensed with, Mr. Ferguson would soon have 
been convinced of his mistake, had he considered 
that the earth and moon are unnaturally repre- 
sented, when attached, as in this apparatus, to the end 
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of a bar or rod; for, the earth does not always pre- 
gent the same face to the moon. There remains 
yet to be contrived a new apparatus to illustrate the 
theory of the tides. It has been clearly demon- 
strated that 4 equilibrium of the waters of the 
ocean is distributed by the unequal gravitation of 
their different particles to the sun and to the moon; 
and this equilibrium cannot be restored till the wa- 
ters come in from all quarters, and rise up around 
the line connecting the centers of the earth and of 
the luminary. The spherical ocean must acquire 
the form of a prolate spheroid, generated by the re- 
volution of an ellipse round its transverse axis. The 
waters will be highest in that place which has the 
luminary in its zenith, and in the antipodes to that 
place; and they will be most depressed in all those 
places which have the luminary in their horizon. 
Fig. 13 represents a whirling table constructed 
upon a more elegant and accurate principle than the 
foregoing. The axes A, A, the jon which the hearers 
and other apparatus are turned, are of iron, and of 
much greater length than those of Mr. Ferguson's; 
consequently, the motion is quite easy and without 
any shake, to which the others are liable. Their 
lower ends turn upon two brass screws, fixed on 
projecting brass pieces, B, B. One of these long 
axes and bottom screw are Wade hollow, to admit of 
the line passing down as before described. The 
weights to represent the centrifugal and gravitating 
forces, are of the same shape as shewn at fg. 14: 
for the former, they are applied to a pin on the brass 
carriage of the bearers, C; this carriage is supported 
on the screws by four small pullies, and it is moved 
with the least possible friction. A small pin is 
fixed under the carriage, which catches into a brass 
ratchet placed on the base of the bearer, and serves 
to keep the weight from being drawn to the vertical 
line or ſrame before action. The une work, D, 0 
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carry the weights for gravitation, consists of two 
_ outside brass pillars for the frame-work, and two 
inner ones for the sliding piece, E, on Which the 
weights are placed, there being a slit cut into them. 
for that purpose. The silken line connected to the 
piece, E, goes over a pulley at the top, and under 
another at the bottom, along the bearer, to tbe 
carriage, C, to which there is a contrivance at the 
underside of a ratchet wheel admitting the“ line to 
be extended to the length desired in a ready manner. 
The various apparatus are fastened to the pullies by 
two milled brass screws, a, a. The band going 
upon the pullies is crossed and passes-through two 
apertures in the front piece of the table F, where it 
is crossed again over a vertical pulley, and the large 
vertical mahogany wheel, G. By turning the han- 
dle, H, the operator, while standing, puts the ma- 
chine into motion in the most convenient manner. 
The wheel, G, is here represented as placed in a 
| vertical position. In some cases it may be the most 
convenient for the experimenter; but, when at- 
tached to the table in an Horizontal direction, there 
is less length of band, somewhat less frietion, and 
less workmanship; on which account, this method 
is preferred by several operators. 
For the convenience of package, the Wed K, 
may be taken from the feet, and the feet, being 
jointed by hinges, may be folded together, S0 as to 
occupy but little room. 
The two brass screws, shewn at 5, 55 are to ex- 
tend the distance of the wheel, should the. band at 
any time by use get slackened. 
Tbe forms of the rest of the apparatus are nearly 
similar to what has already been described of Mr. 
Ferguson s. The following is the only addition ne- 
_ cessary to be described to the reader: I represents a 
glass globe of about scven inches in diameter, fixed 
by an axis to a brass ring; a Semicircular ring fixed 
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to this, and connected to a pulley on the point of | 
the piece F; this sphere is to be filled with water 
and spirits, or oil of turpentine, tinged with a red or 


blue colour. When the wheel, G, is put into mo- 


tion, the glass i ſo will have a rapid one about its 


axis perpendicular to the piece F, and the oil of 
turpentine will be seen to "parte into a number 


of curious globules, and settle into a position in the 


middle of the sphere, in a longitudinal direction, 
about the axis of motion. The cause of this effect 
must be evident to the reader, who has consulted 
that shewn by the apparatus, fig- 3, being like that; 
from the fightest fluid body giving place to the 
heaviest in a cetrifugal motion, and the center of 


motion here being extended to an axis, the oil will of 
course move from the interior surface of the globe 


towards the-axis of motion, and be in a longitudinal 
cylindrical form. A contrivance to this sphere has 


been added, to give at the same time a motion about 
an axis perpendicular to the other. The effect of 


this com pound motion on the coloured oil, I have 


not been a witness to. A point on the surface of 


the sphere will describe a motion similar to a figure 
of 8. This experiment serves as another refutation 
of the vortices of Descartes, and is fully related in 
the Lecons de Physique par Nollet, 17 84, Tome 
Second, p. 52 et seg. 

The sphere is contrived to open by unscrewing 
one of the two suspending screws, to admit of the 
Were being filled with other oy when desired. 
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B urpnosrüries. r 
ns "Pax s. science © deveribeng the mechanical} affection of 
Bids, and their efficacy in the production of those 
natural phenomena of which they are the immediate 
causes, is properly and usually called by foreign 
writers hydrodynamics, and is divided into two 
branches; hydrostatics, whose object is the relation 
eee, the weight of water and other bodies; and 
draulics, which treats of the motion of water 
rough pipes, conduits, '&c. Hydrostaties is now 
used by us with greater latitude to denote the science 
describing the properties of all flaids, but principally 
those of water; and explaining the motions thereof, 
whether in pipes, pumps, syphons, fire engines, jet 
. Ceaus, &c. and I shall endeavour to exhibit them to 
the eye and to the undervianding in "the most easy 

and familiar manner. 

The principles of all knowledge FOR funded in 
2 the mind of man, either animated by desire 
or pressed by necessity, puts in action its various 

. energies, and unfolds the seeds of knowledge. We 
reason right when we apply to any subject only those 
ideas which are derived from its real nature; but we 

fall into every kind of error, when from prejudice or 

any other cause we conclude before we have rea- 
soned, reason before we know, and presume that we 
know before we have examined. The more simple 
the object is in itself, the sooner the mind discovers 

its various relations, ane is enabled to rise from one 
truth to another, till it reaches those that are the 
most abstract. Hence it is, that greater progress 

has been made in er than in aur other sci- 


NY DROSTATICN. 25 385 


ences: purely; intelleatnaly because the rapporitions 
are few and sunple, and only abstract properties are 
considered; but, when material objeets are consi- 
dered, of whose elementary parts we know neither 
the size nor the form, nor the laws by which the 
are aetuated, and yet en deavour to foretel their * 
fects, to calculate; their efforts, and to determine 
their action, nature shews herself independent and 
faithful to the laws preseribed to her, and of which 
we are ignorant; she contradicts, our views, discon- 
certs our projects, and renders our efforts useless. 
It is thus in bydraulics; experience contradicts 
theory, and the ablest mathematicians; a Netoton, a 
| Bernoulli, and a D Alembert, have not been able to 
make them ooincide. Hence, our knowledge of 
this subject is very limited; for, though during a 
course of ages, many men of the greatest abilities have 
endeavoured to investigate this subject, it is still 
enveloped in ignorance and surrounded with diffi- 


culties. We are still ignorant of the true laws 


which govern the motions of water; even assisted by 
experiments for 150 years, we can hardly yet be said 
to have determined either the time, the quantity, or 
the actual velocity with which water spouts from a 
given aperture. We know still less concerning the 
uniform motion of those rivers and rivulets which 
water the surface of the earth. That you may form 
a more true idea of the little we know, I shall give 
you a short sketch of some of those tuings of h | 
ve are ignorant. 

Were it necessary to ap reciate the velocity of a 
river, whose breadth, depth, and inclination are 
known, to determine the height its waters will be 
raised by the accession of another river, or how 
much they will be lowered by a cut from. it; to fix 
the inclination necessary to giye to. the waters of an 
aqueduct a certain velocity, or determine the capa- 
city of the bed with a given een that shall be 
To.. 111. "6 Þ 
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trace the windihgs for a river, that it may not en- 


I deavour to change the bed in which it has been 


inclosed; to calculate the water expended by a con- 
duit pipe, where the length, diameter, and charge 


are given; to determine how much the waters of a 


river, a canal, &c. will be raised by a bridge, a lock, 
Sc. and how far the return of the water wall be sen- 
sible; to assign the best form for the mouth of ca- 
nals and rivers; to find the most advantageous fi- 
gures ſor ships and boats, that they may cleave the 


water, and move” therein with 1 least effort; to 


calculate the force necessary to move a body floating 
on the water; and all these questions, and an infi 
nite number more of the same kind, cannot be 
solved in the present state of this science. It seems 
almost incredible, we are still almost ignorant What 


the impulse of water striking direetly against a plane 


_  surface is equal to, consequently more so when it 


OY impinges a 5 against convex and other curved surfaces. 
Nap, it is not clear, when we consider the im- 


mense aqueducts, Ne. of the ancients, whether they 
did not know more than we do on these subjects. 
You have already seen that. their knowledge of me- 


chanics was greater than is generally believed, and 
to Archimedes we are indebted for the general princi- 


ples of hydrostatical knowledge; be even goes $0 — 
in one of his works as to establish, that any 
whatsoever of a fluid mass is equally pressed in al 


directions; and examines the conditions necessary to 


make a body floating on a fluid take and preserve an 
uilibrium of situation. 


One- hundred years after” him, Creribins and Hero 


of Alexandria invented several ingenious hydraulic 


engines; among these, we may reckon the fountain 


of compression, still known by the name of Hero's 
fountain, and the bent syphon so useful for decant- 


ing liquors: _ without Knowing distinctly the 


ouſficient to supply a eettain town with water; 80 to 


— 
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iti bed f ct arg they employed these 
agents with success. th YI 9TT ont 
S. I. Florentinus appears to be the first, who has 
given us any account of the motion of fluids; he 
was inspector of the public Wen under the 
rs Nerva and Trajan; und in a work on this 

| subject, has made some very valuable remarks, and 
communicated some excellent observations. From 
his time, to that of Benedict Castelli, the friend of 
Galileo, we find no traces of any further progress. 
The necessity of guarding against the continual da- 
mages from the overflowings of 'themvers' in Italy, 
induced Urban the Eighth, who had invited Castelli 
to Rome as a teacher of the mathematics, to request 
he would apply hirnself to this subjecti the result of 
his inquiries is contained in his] Preatise entitled, 
Della Mesura' dell Acque conrenti; im chis he was ably 
followed by | Guphehnini Hrisi, &c. But still we 
scarcely find one e who br, F A in the solu- 
tion another; even the great Newton, ho paid 
particular attention to some of thege subjects, is not 
very consistent with himself. Hereg therefore much 
remains for future experiments, in order that new 
axioms may be established, new intentions found; 
thus the great volume of nature is caloulatad by the 
Omniscience of its Author to afford scope to the 
virtuous, and honourable employmentito sages and 
philosophers, till they are:removed toſa more perfeot 
system, where the First will take place of second 
causes, when the film/ which is spread over the con- 
poreal eye will be removed, new objects presented, 
and new scenes disclosed under the: REG) and u- 
r tk a a Sun. boote do n 
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A fluid is uwe defined — a Abb whose 
parts are so loosely. gormected. together, that * 
B b 2 
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_ ad yield to any: force impres ressed upon them, and 


move freely amongst each other. In this sense, fire, 
5 1 N mercury, water, &c. are considered as fluids. 
In almost every physical speculation, wherever 
experiment can reach, the subject will admit of some 
illustration; where that i is denied, the reasonings are 
in general vain and conjectural. We do not! 


the form of the parts of which fluids: are componed, 


and can make no experiments to reduce them into 
the primary particles of which they are composed. 
There is nothing more different in accuracy and 
truth, than that apprehension which is adequate to 
the purposes of the vulgar, and that which ought to 
satisfy the investigation of a philosopher. Thus, 
there is nothing more obvious to the vulgar than 
fluidity, yet the philosopher finds it a property diffi- 
cult to be conceived, and which he could not give 
credit to, if it was not rendered familiar to him by 


which has not yet been explained, and of which it is 
very difficult to give a olear account. How, indeed, 
can we comprehend that a material and incompres- 
sible substance can be composed of parts so elemen- 
tary, so moveable among themselves, and yet with 80 


of any vessel into which it. is poured; that its surface 
is . parallel to the horizon, or perfectly level; 


isoebrone vibrations, or aitiulations Re 2 
peodulum that it runs off where favoured. by the 
smallest degcenity cc. 1 b t e e 
FHluidiiy is caused by a certain degree of bee, 

which, when employed ſor this purpose, disappears 
with respect to any other sensible or perceptible ef- 
fect. It does not dilate the volume, but resists the 

Particular attachment of the parts. _ 
7 Some have endeavoured to give mechanical ideas 
of a fluid body, by re W 1 ta a heap of sand: 


custom and experience; it is a physical phenomenon 


little adherence, as to assume immediately the form 


that in syphons, or hen agitated by the wind, it 
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"but the iniponetbilicy of giving fluidity by: any kind 
of mechanical comminution, will appear by consi- 
dering two of the eireumstances e to enge, 


tute a fluid body. 0 


1. That the parts, notwithstanding the grinitevt: | 
compression, may be moved, in relation ts each 
other, with the smallest c onceivable force, or will 
give no sensible resistane to motion within the 
mass in any direction. 

2. That the parts shall See 0 to rank other; | 
whereby there is a constant tendency to arrange 
themselves about a common center, and form a 
spherical body; which, as the parts do not resist 
motion, is easily executed in small bodies. Hence 
the appearance of drops always takes mow when a 
fluid is in proper circumstances. 48 

Let us now see how far these qualities may be 
procured by mechanical operations, even executed 
without those imperfections that necestarily attend 


human performance. 
A body of sand, the particles of which hould be 


perfectly spherical and polished, or smooth, would 


only imitate a fluid in being able to spread itself 
upon a smooth plane, instead of lying in a heap, but 
would possess neither of the two qualities essential to 
A fluid body. 

For, a heap of spherical bodies; if Owe 
could not move by relation to each other, except by 
a force sufficient to ballance that by which, in this 
case, they are necessarily retained in their places. 
Neither can the parts of the supposed body of sand 


eohere, either to themselves, or to other bodies in 


the manner of fluids, as in each particle the mass of 
gravitating matter must be great in proportion to 
the point of contact by which they should cohere. 
If the cohesion of the particles of sand 3 . 
0 g qual ty would be * | 
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IN other differences: might be poktitedt out; 
ird supposing every thing else favourable. to the 
mechanical theory, yet still there would remain to 
be explained the operation of fire, which is so es- 
sential to fluidity, This would lead us too far, as it 
would render it necessary for us to investigate the 
nature of that resistance by which the figure . bo- 
dies is preserved in their hard nes. 
By fire hard bodies are made $oft; but it A not 
properly that portion of loose fire which augments 


the volume of bodies that renders them fluid: their 
fluidity is occasioned by a certain. quantity of fre, 
which then disa pears, with ne to an on: * gensi- 
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or THE GRAVITY OF THE W PAWSVOLES br ble 
AND ITS BFFBETS' on THE rr THEMSELVES. . 


„Though no one ode any -difoplty.; in 4 


that water and other fluids are really ponderous, and 
do actually gravitate when considered as a whole 
body, being convinced by their own senses that a 


vessel weighs less when empty than when. filled with 
any fluid, and weighs heavier the more it contains; 


yet, in the early times of philosophy, there were 
those that ae fluids did not gravitate in proprio 


loco, as they termed it; that is, when immersed in 


the same, or a different fluid. A simple experiment 


will sbew you that they were mistaken, and that 
fluids lose nothing, of their weigbt in proprio loco. 
Here is a hollow LG ball, plate 2, »drostatics, „g. 5, 


furnished with a brass stop- cock, an made so heavy as 


to sink in water. Exhaust it of its air, and then shut 
the cock. I exhaust the air from it, to give room to a 

quantity of water equal in bulk to the exhausted air. 
Suspend it now from the end of this ballance, so that 
the bottle and the stop cock may be under the sur- 


, 
( 


- > tft Ih 


OE , We 


3 of water in the ball. 
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face of the water in the jar, and then counterpoise it 


by a weight in the opposite scale. Now open the 


cock that the water may run into the bottle, and the 
water will rush in, and the ball will preponderate, 
and bear down the beam on which it hangs; clearly 
proving, that the parts e, vater retain their gravity 
in water, so as to press and bear down upon the 


parts beneath them otherwise the phial would not 


become heavier upon the admission of the water; 


and you will find that the ball overballances the 
counterpoise, as much as the N of the ue 
I0o facilitate the e wr |hydrovtatic phe- 
nomena, it has been usual for the writers on this 
subject to consider the fluid in a vessel as cut into 


several horizontal planes or imaginary surfaces, and 


to consist of a vast number of small, equal, e e 
spherical globules. Thus, Pla ze 1, Hydrostatics, fg. 2, 

ABCD may represent a vessel consisting of such 
globules; a b, cd, ef, imaginary horizontal surfaces. 


Besides this imaginary horizontal division of a fluid, 
they often consider it as divided into perpendicular 
columns, from the top to the bottom of the fluid, as 
at plate 1, fig. 3. 


Though fluids are — to the 1250 of gravity ag 
well as Solids, yet their fluidity occasions some 
culiarities necessary to be noticed. The parts — a 
solid are so connected together as to form but one 
and the same whole; their effort is as it were con- 
centrated in a single point, called the center of 
vity. This is not the case with fluids; the particles 
here are all independent of each other, are extrem 
moveable, yielding. to the least effort that tends to 

separate the one from the other. 

The parts of a fluid gravitate alpen; of ich 


_ other. This is a natural consequence of their flui- 


dity, or their not adhering. together; whereas the 


particles of a solid cohere together, and gravitate as 


1 
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one mass. It is clear, from this principle, that if a 
hole be made in à vessel full of water, the power 
necessary to prevent the fluid from running out, 

must be able to overcome the column of the fluid 
pressing on the hole, and that the weight to be 
overeome is the same, whether there is only this 
column of the fluid acting on the part stopping the 
hole, or whether the vessel be full. 
Tbis will be rendered clearer by an experiment. 
This cylindrical glass vessel, ABCD, plate 1 fig. 1, 

Harostatics, has à hole at bottom; a eylindrical tube 
of brass passes through, and is fitted to this hole; 
au small piston or plug is fitted to this tube; and 
being well greased, slides easily up and down; a 

long wire is fixed to this piston, to be hooked on to 
one arm of the ballance EF. On the upper part of 
this short tube I can occasionally fit a glass tube, 
GH, which is exactly of the ame diameter as the 

brass tube, and of the same height with the large 
„ !. ˙7 ü. aan is ñ 
I fit the glass tube in its place, and pour water 
up to this marx. Now, I shall pat weights into the 
scale at the opposite arm of the ballance, till the 
piston just begins to rise; I then take away the glass 

tube, and fill the large vessel with water to the same 
height, and you see that the same weight as before 
overcomes the pressure. Now, as the same weight 
overcomes the pressure, whether a column of water 
be only the size of the piston, or whether the vessel 
be full of water, it is Clear, that particles of water 
exercise their gravity independent of each other; 
but, if the mass of water contained in the outer 
vessel was changed into ice, to raise the piston you 
must use a weight equal to the weight of the whole 


F hb no nibt ory Paint,» N 
Mie surface fa fluid which is contained in an open 
wvessel, and free from all © external impediments; wilt 


be level, or parallel to the horizon. No part of a 


% 
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fluid can stand kigher than the rest; for; if any mt 
be raised; it must -descend' by the foree of! ? 
and, in so doing, will spread and diffuse itself ll it 
is on a level with the other parts; for, having gra- 
vity, and yielding easily to every impression, they 
obey the force of Seth and Slip down el ok: 
come to a level. 

As the gravity of the particles edc the upper | 
surface to a level, so likewise it occasions a pressure 
on the lower part, greater or less in proportion to 
their depths below the surface, each part containing 
a pressure equal to the weight of all those that lie 
above it; consequently, the particles which are at 
equal depths below the surface are equally pressed. 
In other words, as the upper surface of the fluid is 
parallel to the horizon, and as the lower parts sus- 
tain the upper, and are pressed by them, this pres- 
sure will be in proportion to the incumbent matter, 
that is, to the boight of the fluid above the particle 
that is pressed: but, as the upper surface of the 
fluid is parallel to the horizon, all the points of a 
surface that yon may conceive within the fluid, 
rallel to the horizon, are equally pressed. Should 
this equality of pressure be at any time destroyed, 
and there be a less pressure on one part of the sur- 
face than on the other parts, the fluid yielding to 
any impression, this part will be moved, that 1 is, will 
ascend till the ere, becomes equal. 

Jo confirm this by experiment, take this glass 
tube, open at both ends, and, stopping one end with 
your finger, immerge the other in water. The 
water, you see, rises in the tube; but the tube being 
full of air, while you keep your finger the ori- 
fice, the rise is but small; but if you take away 
your finger, that the air which is compressed may 
escape, the water will rise up into the tube, and not 
be at rest till it attains ht same height wan the 
external water. ae "38 1 
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with, in all directions, and in all 
lows from the nature of a fluid; for its particles 


Solids,” yo Kno, make no effort pot in the 
Fr of gravity, or perpendicularly downwards; 
but Bugs. - eert a. force of. PressSure egal th ther gra- 


equally. 1 This fol- 


yield to any impression, and are easily moved; 
therefore no drop will remain in its place; if, whilst 
it be pressed by a superincumbent fluid, it be not 
equally puns on all; sides, because, being a fluid 

itself, it will yield to every impression, and begin 


to move, unless it be acted upon by equal forces, 


in all possible directions. But it cannot move, be- 


cause the surrounding drops resist on all sides its 
motion with the same force that it endeavours to 


move, and consequently the drop must remain at 
rest; and what is thus proved of one drop, holds 


. equally. true of all; consequently, all the parts of a 
Jud, at equal depths below the surfa * are | preazed 


equally in all directions. 
Take the several glass tubes, A, B, C, D, plate 1, 


| hg. 4, which are open at both 8 immerge them 


in water to the same depth, their upper orifice 
being stopped by the finger. Upon taking away 


_ the finger, the water will rise to the same height 


in all the tubes, though it enters the lower end in 
very different directions: in A the pressure is di- 


rected upwards, in B downwards, 1 in C sidewise, and 


in D obliquely, but the pressure is equal in each. It 
you pour a greater quantity of water into the vessel, 


it will rise equally in the tubes; co that: the fluids 


Press in all manner of directions, and that, with a Force 
proper ortzonable to their heights. 1 
he same experiment is perhaps rendered still 
=_— by pouring some mercury into the tubes. 
'The tubes for this purpose are smaller than those I 


used in che former experiment: some of them are 


straight, and others bent at various angles. Though 
the tubes are open at both ends, one of the extre- 
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mities sbould be closed till after the immersjon, to 
prevent the mercury from falling out. eng 


On immerging the lower end of these tubes! in 
water, you wil-find the mercury ascend towards the 
upper end of the tubes. It is to be remarked, con- 
cerning this experiment, that whatever be the angles 
at which the tubes are bent, and however they are 
inelined to the horizon, if before immersion the 
mercury in all the tubes be on a level, it will con- 
tinue so after immersion, p all the tubes are: | 
immersed to the same depth. | 

Consequently, when it has been owe that ths 
pressures of a fluid are as the surface pressed, and 
their depths from the surface of the incumbent fluid, 
it will follow, that the pressure of a fluid is not only 
propagated in all directions, but that the quantities 
of the pressure at the same depths, and on a Siven 
surface, are equal in all directions. 

On a cursory view of the subject; ae may con- 
sider it as a kind of mechanical paradox, that the 
pressure of a fluid upwards, or in a direction con- 
trary to that of gravity, should be nothing more 


than a consequence of gravity itself; but it is very 


easy to shew, from mechanical principles, that a 
force acting in a given direction may communicate 
pressure through a number of intermediate bodies, 
80-that the last body shall be impelled in any direc- 
tion whatever, even in that which is directly contrary 
to the original impulse; and this is the case in re- 
speet of the particles Which compose fluids. | 
From the foregoing experiments it will appear, 
J hope, very clear to you, that the perpendicular 


| pressure of any fluid column is, from some unknown 


connexion of the parts, diffused laterally in every di- 
rection; and at the same depth, the pressures estimated 
in any direction are equal to each other. What has 
been proved of water, obtains in all other sub- 
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OF THE ACTION. or FLUIDS Aner- rat BOT 
Tonus, SIDES, AND TOPS, or THE VESSELS IN 
WHICH THEY ARE CONTAINED; / mes iran 


The bote ans ves of a wool contabagh a Auid 
(and the top also, when the fluid is raised above 
it in a tube) are puissed by the parts of the fluids 
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which immediately touch thorns and as action and 


re- action are Gp e thess an all sustain an cg 


7 eh 


But as the dend * uch b is 2 every way, 


the bottoms and sides of the vessels are pressed as 
much as the neighbouring parts of the fluid; but 


- this action, you 


have seen, increases in proportion 


to the height of the e and 1 is every IP ona 
at the same depth. 


This pressure deprans on the height, not the 


quantity, 


base is e 


of the fluid; consequently, when the 

height of the fluid, and the area or surface pressed, 
remain the same, the action 2 * this surface will 
always be equal, however the fi 


be chan 


ressure which 


of the vessel, 


illar of the fluid, whose 


the bottom, and whose 


That this is the case, in \ vessels that are equally 


mi from top to bottom, is plain and obvious, be- 
cause the bottom of such a vessel does actually sus- 
tain such a column of fluid, a column in this case 
equal to the whole weight of the fluid. Here, the 
whole weight of the fluid contained] in the vessel, and 


re of the vessel 
ged. In other words, the 


the bottom of the vessel sustains from the fluid con- 
tained in it, whatever be the shape 
is equal to the weight of a P 
equal to the area o 


bebe! is the same with bow ch eee height | of 
the fluid. 
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no other me besides, presses upon the bottom, 
and is consequently proportional to the quantity of 
matter contained in the vessel, which quantity is as 
the surface ol the e e and the een 
above it. 

But chat the case sbould be the same in irregular | 
vessels is not so easy to conceive; for instance, 
that in a vessel which from a large bottom grows 
narrower as it rises, the bottom should bear the 
same pressure when the vessel is filled, as it would 
were the vessel equally wide throughout from bottom 
to top, seems — and surprizing, yet it is what 
necessarily follows from the nature of fluidity... 

Before I proceed to illustrate this proposition by 
experiment, I shall endeavour to explain it to you by 
diagrams; considering it, 1. When the vessel is nar- 
rower at the top than the bottom; 2. When. it 1s 
wider at the top than the bottom. 

1. Then, if the vessel MN FT, plate 1, "I 6, is 
2 at the top than at the bottom, the pressure 

1 the bottom, E T, is as great as the pressure 

the bottom of a cylindrical vessel, AB CD, 
i ate. 1, g. 7, of equal base and height, when they 
are both filled with water, or any other fluid, not- 
withstanding there will be considerably more water 
in the cylinder than in the cone. 

Make FG, O R, in the cylinder, plate 1. Fe. 7, 
equal to OR, the base of the column, MN © R, of 
the cone, plate 1, fig. 6. Now, as these columns. of 
water are equal, it is evident, that O R in the cy- 
linder, and O R in the cone, sustain an equal weight, 
and consequently an equal pressure. | 

+ It is also evident, from what has been plained 
at the beginning of this article, that every part 
equal to OR, at the bottom of the cylinder, is 
pressed just as much as OR. But I have to prove, 
that every part of the bottom of the cone is equal 
to 0 R at the bottom of the cylinder; for instance, 


\ 


395 nE verlowor PLUIDS. 5 


the part, FI, e 6, is pressed just as much as ORs, 
I have chewn you; that all equal parts of a fluid, at 
equal depths from the surfaces, are pressed equally; 
but the drops contiguous to FI and O R are at 
equal depths from the surfaces; therefore these 
drops, and consequently the parts FI and O R, are 
| cow pressed. Now, as every part equal to OR 
in the bottom both of the cone and cylinder, is 
sed as much as OR, and since one bottom is 
Real to the other, it follows, that the whole pres- 
sure den F f is er to ne. ebe ede upon 
S 
Lou may still, gh y beve been ithat” the 

proposition is true, have a Liſicalty in discovering 
the reason why it is true; for it certainly e bes not 
seem likely, at first view, that F I. with no more 
water over it than fills the space 7 EI, should be 
pressed as much as R, Which suskains the whole 
column M NOR. vl 2 50 
But it must be remembered, eee 5 EI. 
pre<scs upwards against E E, as well as downwards 
against FI; and if n hole was made at FE, and a 
tube solddered therein, the water, by the pressure up- 
wards, would be wntamnet! in the tube at the same 
height that it stands in the vessel: therefore this 
pressure is equal to the weight of as much water as 
would fill the tube CAFE 
Now, the same pressure which would p port 

the water in such a tube acts upon FE; but the 
reaction of FE downwards is equal to the action 

upwards against it: that is, EF keeps the water 

down, with a force equal to that with which it en- 
deavours to rise, equal to the difference of weight 
between FEI and MN OR: and as FI sustains 
both the weight of the water F EI, and the action 
or force with which the water is kept from rising, 
but OR 8ustains only the weight of water MN OR, 
the Pressure upon FI will be equal to the nr 


ba EY %.F is 


two cylindrical parts N ML 
the bottom, and DBIV a * one at the bot- 
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O R, and the same may be proved of any other 


column. Therefore the bottom of the cone is as 


much pressed by the weight of water which fills the 


cone, and this re- action together, as the same bot- 


tom would be pressed by the weight of as much water 


as would fill ip the whole cylindrical space C BFT; 


that is, the do upon the hot tom of a conical. vessel, 
is equal. to the pressure upon the bottom « of @ orliudricat 


one of the same base and height. _ 
The same mode of reasoning. may ba; applied to 
the vessel DBLP, plate 1, 1 which consists of 


reat cylinder at 


tom. For the pressure upon L, when the vessel 


is full of water, will be as great as if the vessel was 


as wide at top as at its bottom; that is, as great 
as it would be upon the same bottom LP, supposing 


the vessel was an uniform eylinder, whose Wat was 


LP, and height LF. H 

LA, and O R, two equal drops at . same depch 
are pressed equally; and O R, having as much water 
to sustain, is as much pressed as if the vessel was an 


uniform cylinder. Therefore LA, or CP, or any 


other equal part at the bottom, and consequently 
the whole bottom is as much pressed in one case 


as it would be in the other. Indeed LA, or CP, 


have less water to sustain than O R but the co- 
lumn, NT LA, presses upwards against NT with 
a force equal to the difference between this co- 


lumn and DBOR, or to the weight of as much 


water as would fill the space F ENT; for if a hole 


was made at NT, and a tube, ENT, soldered 


into it, the pressure against the bottom of the tube 


| would support water in it to the height N T, the 


same height it stands at in the tube DBI V. Now, 


as the re- action of NT downwards is equal to the 


action upwards against it, that is, the force with 
which N T keeps the water below it, down against 
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CO >, © WA 180 equal to the force. with which | this water 
TS Fremes: against NT. 


LA is therefore . e not tals wth the 


; weight of the water NT LA, but likewise by the 
reaction of NT, which is equal to the weight of 


as much water as would fill FE NT, and make 


NTLA equal DBR O; from Which it follows, 
that the edt and re- action together on LA, are 


equal to the weight on DB RO, by which O R is 
pressed; and the same may be pr ored of every other 


equal portion of the whole bottom and cover, and 


therefore, by the weight and re-action, LP is as 


much pressed as if it was at the bottom of a eylin- 
drical 85 FH LP, having the same dimensions 
at the top as at the 5 8 and filled. with water to 


the height L F. 
Though the pressure upon P T. . te 1, 17 0 


; ne to the pressure upon CD, When both >a | 
are filled with water to the same perpendicular 
height; yet, if they were filled with ice, or any other 


solid substance, instead of ater, C D would be: more 


pressed than F T. 


For CD, Sbelber the ad ap filled with ; ice or 


water, sustains the whole weight of the body which 
rests upon it, and no more; but FT, which, be- 
sides the weight MNF T, sustains. the re-action 
of the sides MNF T, when the vessel is filled 
with water, bas only the weight to sustain when it 
is filled with ice; for ice, or any other solid body, 
does not press upwards. This 1s-a property, which, 


as it only arises from the nature of a fluid, belongs 


to fluids only; FT will therefore be only pressed 
by the wet of the ice, and consequently will be 


less pressed than C D, in. proportion as the cone 18 
less than the linder, when their bases and heights 


are equal. 


For the same reason L P, plate 1, fig. 8, if 1 it were 
full of ice, would be as much less prevged þ than when 


the quantity of matter contained in a cy indrical ves- 
sel, whose base is L P, and height LF. 
The second case of the proposition is when the 


vessel AB O R, plate 1, fig. 9, is wider at top than 
bottom. For here also the pressure of any fluid 
upon the bottom, O R, of it, is the same as in a 


cylindrical vessel, 8 T © R, of an equal base, and 


filled with the same sort of fluid to the same 


height. 4 
For the bottom 0 R, in as case, sustains unt 
the same quantity of fluid, and consequently the 


same quantity of matter. If it is the bottom of a 
cylinder, then it sustains no more than the column 


STOR, because the vessel holds no more. If it 
be the: bottom of an inverted cone, as AB OR, 


then it sustains only the same column; for though 
the vessel holds more than this, yet all the rest of 
the fluid is supported by the sides AO, BR, and 


therefore does not press on the bottom. 

Thus you see, that whether a vessel be narrower 
or wider at the top than the bottom, the pressure 
upon the bottom is the same as in a cylindrical 
vessel of the same base and height; for when it is 


narrower at the top than at the bottom, though it 


holds less water than the cylindrical one would, 
yet the pressure is not less, because the re-action 
of the sides supplies the defect; and when it is 


wider at the top than at the bottom; though it holds 
more water than the cylindrical one would hold, yet 


the pressure is not greater, because the sides euppont 
the excess. 


Let us now confirm by experiment what I have 


endeavoured to render plain without it. The ap- 


paratus on the table, plete 1, fig. 10, is designed for | 


this purpose. It is sometimes called che apparatus 


of Paschal, sometimes the apparatus for Mustrating | 
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it is fall of water, as the quantity of matter con- 
tained in the compound vessel, NM LP, is less than 
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the hy dromnatic paradi.” It consists of three veazels, 
fig. 1 and 12, and AB CD, Fg. 10, each of which 
are of the same size at en and of the same 
height, and may be screwed alternately on the brass 
barrel EF, „g. 10, in which a piston slides up and 
down with ease. One of the vessels, fg. 12, is ey- 
lindrical; the other, AB CD, Fg. 10, is an in- 
verted cone, wider at top this 9 the third, 
Fig. 11, is a tube screwed to a plate, which makes the 
bottom the same size as that of the other two; it 
has a funnel at top, to prevent the water, in making 
the experiment, from splashing over. 
I shall first screw the cylindrical vessel to the 
barrel, pushing down the piston as low as it will go, 
then book the wire of the piston to the chain sus- 
pended from the short ends of the steelyards GH, IK. 
Now pour water in the cylinder up to the mark in 
the inside thereof, and find what weights, sus- 
pended from the longer arms of the steelyard, will 
raise the piston; then take the eylindrical vessel from 
the barrel. 


Substitute the vessel ABCD, fig. 10, which is 


like an inverted cone, in place of 155 former; fill 
it with water to the mark, as beſore, and hook on 
the wire of the piston to the steelyards: and though 


the quantity of water is now many times greater than 
what was in the cylinder, yet the same counterpoise 


will raise the piston. 
Take off the conical vessel, and screw on the tu 


bular one; and though this holds a much smaller 


quantity than either of the former, stil i it TO. 
the same counterpoise. 

The friction of 

case, makes no alteration in the experiment. 


To shew that the lateral pressure is equal to 


the perpendicular pressure upon a larger scale, and 
in a manner which relates more to- the preceding 


experiment, here is an «Las plate 3 6. 5, with. 


the piston being the same in every 
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different tubes, that communicate with each other. 
The middle one is a large glass tube or cylinder, 
AB; the lower end is firmly cemented into a strong 
brass hoop; to the sides of this hoop are soldered 
the brass tubes G, H, into each of which a glass 
tube is cemented. One of these, E F, is parallel 
to the large glass vessel AB; but the other, CD, is 
inclined thereto. The inclined tube is sometimes 
furnished with a joint, that the enen may 
be varied at pleasure. 

Pour water into the tube E P; this will! dem 
through G, into the larger vessel AB, and rise 
therein; and if you continue pouring water until it 
comes to any height therein, as I K, and then leave 
off, you will find that the surface of the water in 
the small tubes E F, CD, is at the same height; the 
perpendicular altitude is the same in all the three 
tubes, however small the one may be in proportion 
to the other. This experiment clearly proves, that 
the small column of water ballances and supports 
the large column; which it could not do if the 
lateral pressures at bottom were not equal to each 

other. Whatever be the inclination of the tube 
CD, still the perpendicular altitude will be the 
same as that of the other tubes, though to that end 
the column of water must be much be than those 
in the upright tubes. nt 

Hence it is evident, that a onal quantity of fluid 
may, under certain Wer eee 6ounterballance 
any quantity of the same fluid.” eee 

Hence also it is evident, that i in M6 zar lab 4 
communication, whether they be equal or unequal; Hort 
or oblique, the' fluid always rises to the samie height. 
Consequently, water iy be conveyed. by means 
of a pipe that is laid into a e ee to ny place 
that is higher than the reservoir. | 

It has been asserted; that the ancients were ig- 
norant of this principle, und knew not the use of 
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pipes PE conveying water up hills; but this aer 
tion is not true; they did know the use of pipes, 
but chose to employ aqueducts in their stead, for 
reasons we cannot now with certainty ascertain.' 

Our next experiment proves, with great Heat 
ness, the hydrostatical paradox, that very great 
weights may be ballanced by a very small weight of 
water, without its acting to any mechanical advan- 
tage; but, more particularly, it also proves, that 
its pressure upwards is equal to its pressure down- 
wards, and all this even to those who have no pre- 
vious knowledge * hydrostatical principles. The 
apparatus, 5 os 2, fig. 1, consists of two large thick 
boards CD, EF, connected together by leather, 
like a pair of bellows; hence it is usually called the 
thydrostatic bellows. A long brass or glass pipe is fixed 
to the bottom board; so that water being poured 
in at the top will pass between the two boards. In 
the apparatus before you the boards are oval; the 
longest diameter is eighteen inches, the shorter one 
sixteen inches. I have poured water enough into 
the bellows to keep the boards asunder, and have 
put six hundred weights on the top of the boards. 
I shall now pour water into the tube, to the height 
of three feet, and it will push up all the weights. 
Thus the water in the pipe, which weighs but a 
quarter of a pound, sustains three hundred pounds 
weight. Pake off the weights; and try, by pressing 
upon the: upper board, to force the water out at the 
upper tube; your strength, you find, is scarce suffi- 
cient fer the: pressure. Thus you see clearly how 
great a pressure upwards i is exerted by the water. 

Hg. 16, plate 1, represents another instrument 
for proving, that the pressure of fluids is in propor- 
tion to their perpendicular heights, without py re- 
gard to their quantity. #10 n 

AB CD is a box, at one ed of which, as at 4, is 
a groove from top. to bottom, for receiving the up- 


© 
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eight glass tube I, which is bent to a right angle at 
the lower end, as at Hg. 17; and to that end 1s tied 
the end of a large Peder K, Fg. 17, which lies 
in the bottom of a box. Over this bladder is laid 
the moveable board M, „g. 18, in which is an up- 
right wire. Leaden weights, N, N, Ag. 16, to the 
amount of sixteen pounds, with holes i in the middle, 
are put upon the wire, over the board, and your: 
be 9 it with all their force? | 
The bar, p. is then put on, to secure the tube 
from falling, and keep it upright; and then che 
piece, E F G, is to be put on, to keep the weights: 
in an hoviontal position, there being a round hole 


at e. Within this box are four upright pins, to 55 


prevent the board at first from pressing on the 
bladder. 


Pour water into the tube at tons. this will run into: | 


the bladder; and after the bladder. has been filled 
up to the board, continue pouring water into the 
tube, and the upward pressure of the fluid will raise 
the board with all the weight upon it, even though 
the bore of the tube should be $0 mall, that less 
than an ounee of water would fill it. | 
Upon this principle matheniotidints assert, that 
the same quantity of water, however small, may Pro- 
duce 4 force equal to any assignable one, by Increasmg 
the height and base upon which it presses. Dr. Gold- 
smith mentions having seen a strong hogshead split 
by this means. A strong though small tube of tin, 


twenty feet high, was inserted in the bung-hole; 


water was poured in this to fill the hogshead, and 
continued till it rose within about a foot of the top 
of the tube; the hogshead then burst, and the water 
was scattered about with incredible force. 

As the bottom of a vessel bears a pressure pro- 
portional to the height of the liquor, so likewise 
do those parts of the sides which are contiguous to 


the bottom, because the N of fluids is equai 
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every way; and as the pressure which the lower 
parts of a fluid sustain from the weight of those 
above them exerts itself equally every way, and is 
likewise proportional to the helght of the incum- 
bent fluid, the sides of a vessel must every where 
sustain a pressure proportional to their distance 
from the upper surface of the liquor. Whence it 
follows, that in a vessel full of liquor, the sides bear 
the greatest stress in those parts next the bottom; 
and that the stress upon the sides decreases with 
the increase of the distance from the bottom, and 
in the same proportion; so that in vessels of consi- 
derable height, the lower parts ought to be much 
stronger than the upper, to'be able to ene the 
r PR 


, | way fey : 
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Humido, is the first we know of who made i inquiries 
concerning the sinking and floating of bodies in 
fluids; their relative gravities, their levities, their 
situations, and positions. He was also probably 
the first that ever attempted to determine in what 
proportion bodies differ from one another as to 


their specific gravities, and this he effected in order 


to discover the cheat of the workmen, who had de- 


based king Hiero's crown; and though the means he 


employed was certainly much inferior to what 
would now be used, yet he was so pleased with his 
discovery, that not being able to contain his joy, 
like a madman leaping from the bath naked as he 
was, he is said to have run about the streets of Sy- 
racuse, crying out his Evenxa wherever he came. 
Before I proceed to explain this interesting subject, 
I must define some terms which 1 Dov only loogely 
explained to you. 
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The density of a body i rs the quantity of matter which z 
| i contains under a given bulk. 


The density of a body is therefore meamuned by 
the proportion which its quantity of matter bears to 
its bulk; for the more numerous the particles of 
matter are in the same portion of space, the greater 
is the density of the e, 2 the fewer the u 


cles, the less the density- 


The Specific . gravity of a hi is the weight of it 


when the bulk is given; or, the specific gravity of a 
body is its weight compared with another body of the 
same magnitude. 5 
It is called the Specific gravity, because it is the 
comparative weight of different species or sorts of 


bodies. Thus, if the specific gravity of gold is said 
to be to that of water as 19 to 1, the meaning is, 
that, bulk for bulk, or under. equal dimensions, 
the weight of gold is to that of water as 19 to 1; 


or that a cubie inch of gold will ene 19 times as 


much as a cubic inch of water.. 

Due specific graviiy of bodies is as their 3 
45 the specific gravity is the weight of a given bulk, 
and the weight of bodies is as their quantities of 


matter; therefore the specific gravity of a body is as 


the. 2 of matter contained in a e bulk, 


that is, as its density. 


Tie specific grawity of bodies is | inversely as their 
Þulk when their weights are equal. The specific 
gravity of bodies is, you have already seen, as their 


density, and the density of bodies is inversely as 


their bulk when the weights are equal. Thus, if 
the specific gravity of gold be to that of silver as 


19 to 11, and a cylinder of gold 11 inches high 


weigh a pound, a cylinder of silver having an equal 
base, and weighing. a pound, must be 19 inches 
high; for since the specific gravities are 19 to 11, 


the bulks, that; 18, che 8 m be as those gra- 
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Vvities nel or as 11 to 19. If the specific 
gravity of mercury be to that of water as 14 to 1, 
_and a eylinder of mercury of a certain weight is 30 


inches high, then a cylinder of water of equal base 


must be 420 times as high, so that the height of the 
cylinder of water will be 14 times 30, or 420 nr 
or 35 feet. 


The een of a body i is e expreived by. a num- 


ber denoting its relation to some criterion gene- 


rally used, and similar to itself, as a cubical inch, 
took, Ne. 


The e 8 of. a body i is i being 


expressed by a number denoting its relation to some 
arbitrary or conventional standard, as 1 pound, 
1 ounce, of which it is a multiple or aliquot part; 


and in the same sort of matter, supposed to be 
homogeneous, it depends vpe and varies as Site 
magnitude. IO * 3 

The specific weight or gravity af the same species 
of matter, whether its magnitude be great or small, 
as of A, 2A, or 3 A, is the same, being according 
to the definition of the weight of a given bulk. The 
object therefore of specific gravities is to distinguish 
different species of matter from each other, in one 
of their most obvious qualities, gs: of water 
contained in a given space. 

The weight of any portion of matter is SES as- 
certained, but it is not always easy to, measure the 
space occupied. by. a body or its magnitude, and in 
some instances it cannot be effected ont arena! 
methods. 64 750 

It. is found expedient to epic as a criterion 
some pure and homogeneous substance, as distilled 
water, whose specific gravity or weight of a given 
bulk is nearly the same at all times; and by com- 
paring this with other substances, the ratio of their 
Specific gravity way be discovered; and denoting the 
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specific gravity of water by any number taken at 


leasure, the numbers expressing the * . a 


vities of other bodies are hence obtained. F 
Thus the weight of one cubical foot of pure rain 
water is equal to 1000 ounces avoirdupois; if its 
specific gravity be denoted by 1 or 1000, the weight 
of orfe cubical foot, or other measure of another 
substance, is hence found, and tables of tis beit 
erde es of bodies constructed. 
One ounce avoirdupois is equal 437. 5 grains, and 
one ounce troy equal 480 grains; consequently, 
1 oz. avoirdupois is to 1 O2. troy, 80 is 437.5 to 480; 


and 1 avoirdupois pound is to 1 pound troy, so is 


437 XK 16 to 480K 12 as 1750 to 1440. 


A cubic fot of water is equal 1000 quuees or 


bes ound avoirdupois, but 62.5 pounds avoirdu- 


Pois is to x (or number of troy pounds contained in 
2 


a cubic foot of water) 80 is —— to 1 (or inversely 


1750 
as the number of grains in each) 1 is 45 ·0. 17503 


and, consequently, by the rule of three x is equal 
ä 2 5 lb. equal 75 .95. Ib. \ troy. - One cubic inch of 


1 1000 * 437.5 5 1233.18 
mints equal 28 1728 gr. 253. 18 gin equal 4575 
or 57869 parts of one avoirdupois Ounce equal: 82 


or 5274 parts of one troy ounce. 

It follows, from what has been already pere to 
you in the foregoing part of this Lecture, Hat when 
a solid is immersed in a fluid, it is pressed by that fluid 


on all sides, and that pressure increases in proportion 


to the height of the fluid above the solid: but you may 


also virgin it directly by experiment. Thus, tie a 


leather bag to the end of a glass tube, and fill it with 


mercury, immerge the bag in water, but so that the 


upper or open end of the tube may be always above 
the surface of the waters the pressure of the water 
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against the bag will raise the mercury in the tube, 


equal altitudes of the fluid, and opposite in their 
directions; so that from these the body is no ways 
determined to any motion. 
But a body immersed in a fluid is pressed more 
upwards than it is downwards, for those parts of the 
fluid which are contiguous to the under surface have 
a greater altitude, and therefore a greater force than 
those that are contiguous to the upper surface; the 
body must, therefore, be more violently elevated by 
the former than depressed by the Aer and would 


the! 
and the ascent of the mercury will be in proportion voi. 
to the height of the water above the bag. 5 
When a solid is immersed in a fluid to a great pre 
depth, the pressure against the upper part differs for 
very little from the pressure against the under part; INC 
whence bodies very deeply immersed, are as it were eq 
equally pressed on all sides; but a pressure which is up 
equal on all sides, may be sustained by soft bodies the 
without any change of figure, and by meey brittle bo 
bodies without their breaking. of 
Take a piece of soft wax of an irregular Bowe ot! 
and an egg, and inclose them in a bladder full of 
water; place it in this box, and put on the moveable W. 
cover which will bear on the bladder; you may then in 
place on this cover a weight of 100 or even 150 m 
nds, without breaking the egg, or anywise alter as 
iu the figure of the wax. pi 
ou have already seen, that fluids press upon bo- W 
dies to which they are contiguous every way, and on tl 
| all sides, but the pressure upon each part is not the il 
| same; the altitude of the fluid is every where the f 
| measure of its force, and the several parts of the . 
| same body being at different depths, must needs be Y 
differently affected: you have therefore to consider 1 
which of these impressions will prevail, I 
Now, it is evident that the lateral pressures do all t 
ballance each other, being equal, as arising from L 
TT 
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therefore ascend by the excess of fore, were it de- | 
yoid of gravity. 

For, when a ohd 1887 is IPOS l ina fluid, it 
presses down, and endeavours to descend by the 
force of its gravity; but it cannot descend, without 
moving as much of the liquid out of its place as is 

ual to it in bulk; it is therefore resisted, pressed 
upwards by a force equal 70 the werght of as much of 
the fluid as is equal m magnitude to the bulk of the 
body, being-the difference in weight of two columns 
of the fluid, whereof one reaches to the Ne the 
other to the under surface of the body. 

Iwill endeavour to illustrate this by. a diagram: 
when any hard body, as a piece of lead, is immersed 
in water, the lower part of it, mn, plate 1, fg: 13, 


must be continually pressed upwards just as much 
as the water itself in the same place as the lead is 


pressed upwards. Now, the force with which the 
water, mn, is pressed upwards, is exactly equal to 


the force with which it would be pressed downwards 


if the lead was out of the way; for, every part of a 
fluid is pressed as much upwards as it is downwards. 
The force with which m n would be pressed down- 
wards if the lead was out of the way, would be equal 


to the weight of the incumbent column, or of as 


much water as would fill the whole space EH mn; 
therefore, the force with which mn is pressed up- 


wards, and, consequently, the force with which the 
piege of lead is pressed upwards, is equal to the 
weight of as much water as would fill the whole 
space EH mn, or the whole space Ane if this 


space be taken equal to EH mn. 

Let us next consider the force with Shak this 
piece of lead is pressed downwards; this force 18 
just equal to. the weight of as much water as is 
above 1t, that is, it is equal to the Weight of the 
column E Hrs. 7 | 
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The differianose therefore, of the two provetires 


: will be the difference in weight between the two 


columns EHmn,'EHrs; for, the weight of the 
former is equal to the pressure upwards, and the 
weight of the latter is equal to the pressure down- 
wards; consequently, the pressure upwards will be 


as much greater than the pressure downwards, as 


the weight of the water, EH m n, is . e than 


the weight of water E Hrs. 


But the difference between chese two weights i is 
just as much as would fill the space, rs m n, which 
the body fills; for just so much water added to 


EHrs would make it equal to EH mn: conse- 
_ quently, the body is pressed more upwards than it is 


downwards by d force equal to the weight of as much 
water as would fill the space taken 'up by the body. 

In other words, the body is acted upon by two forces 
m contrary directions; but, the force with which 
the fluid acts upon it to make it ascend exceeds the 
force by which it presses downwards; and this ex- 


cess is equal to the weight of as much of the fluid, 


whatever it is, as would fill the « pag taken up by 
the body. 
The case will be pane; whatever be the figure 
of the body immersed; for, suppose it to be a cone, 
TS LV, plate 1, fg. 15, then as every equal part 
of a fluid at the same depth is pressed equally in all 
directions, if VI be equal to LV, it follows, that 


these two parts of a thin sheet of fluid, FE, will be 


pressed upwards by equal forces; but VI is pressed 
as much upwards as downwards, therefore * 18 
provend as much upwards as VI downwards. | 
Now, the force that presses VI downwards i is the 
weight of the fluid HPV1, that is above it; con- 
sequently LV, where the bottom of the body is 


placed, is supported by a force equal to the weight 


of the pee H P VI, and this Coun is 1 to 


4 
— 
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MHLV. Therefore the body is pressed upwards 


with a force that is equal to a weight of as much of 

the fluid as would fill the whole space MH LV. 
The same body is in the mean time pressed down- 

wards by the weight 0 of all that fluid that is above 


any part of it, that is by the weight LIT SVH M, 
and not merely by the column OW TS, which 


reaches from the surface to the top of the body. 


From hence it follows, that the difference between 


the center column MH LV, or such a column as 
this would be if the body was out of the way, and 


the column, LTSVHM, is the difference between 
the pressure upwards and the pressure downwards. 


But this difference is plainly equal to as much of the 
fluid as would fill the space the body takes up; the 


force, therefore, by which the fluid acts upon the 


hody to make it ascend, exceeds the force by which 
it presses downwards, and this excess is equal to the 


weight of as much of the fluid as would fill the 
space taken up by the body. ; 


But as all bodies by the force of. gravity een 


downwards, it is clear from what has been said, that 
it depends upon the absolute weight of the immersed 


body whether it shall ascend or descend. - 1. If the 


weight of the body exceed that of an equal bulk of 
the fluid, the excess of force will tend downwards. 
2. If the weight of the body be less than an equal 
bulk of the fluid, the upward: pressure will prevail, 
and it will ascend. 3. If both be precisely equal, _ 
body will remain at rest in any part of the fluid. 
First then, à body immersed in a fluid will anz; i 


it be specifically heavier than that fluid; for it endea- | 
vours to descend by its own. weight, and is sup- 
ported by a force equal to the weight of an equal 
bulk of fluid, or of as much fluid as will fill the space 


taken up by the body. If, therefore, the body be 


— heavier than the fluid, i. e. bulk for bulk 
heavier than the fluid, its weight will be MEET: 
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on the water below the surface, and this part is equal 
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than the 4 pressure upwards of the fluid which is to 0 
support it; and, consequently,- this pressure will not . on 
ssc support it, as to keep it from sin king Pr. 
If you throw a stone into the water, it sinks, for 
it is specifically heavier than the water; that is, do 
where the bulks are equal, the weight of the stone 125 
is greater than the weight of water; therefore, the ut 
force with which it endeavours to descend is greater oy 
than the excess of pressure upwards, which is all of 
there is to support it, which being too weak to sus- 8 
tain. it, the stone sinks to the bottom. _ 7m 
A body that is immersed in a fluid will rise 15 ie 
Surface, and $wim upon it, if it be spectfitally lighter h 
than the uid. A piece of cork, when it is immersed 4 
in water, is pressed by the water both upwards and 1 
downwards; but the pressure upwards exceeds the a 
pressure downwards, and this excess is equal to the 
weight of as much water as is of the same bulk with 


the piece of cork; therefore, as far as the action of 
the water is concerned, the cork ought to rise to the 
top, and the cork itself being also specifically lighter 
than water, the force with which it endeavours to 
sink is less than the force which buoys it up; it 
must, therefore, on this account rise till it comes to 
the surface. Hence you see why fir, oak, and elm, 
that are specifically lighter than water, will swim in 
it; while ebony and guaiacum, that are specifically 
heavier, will sink therein. 


There is generally a part of any beds that floats 


in bulk to as much of the Gang as would weigh what 
the body weighs. 

Let ptei, plate 1, fig. 14, 10 a: piece of cork, 
Sw s nei, the part below the surface, A B, of the 
water, will be equal in bulk to as much water as 
would weigh what ꝑ t e i, the whole cork, weighs. 

The force with which the water at e i is pressed 
upwards, is exactly equal to the force with which it 


would be pressed 
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downwards, if the cork; p tei, was 
out of the way, because every part of a axon is 
pressed equally in all directions. BY 
But the force with which ei would be 
downwards if the cork was away, is e. to the 


weight of as much water as would fill the space taken 


up by the part of the cork below the water; and 
consequently, the force with which ei, the bottom 


of the cork is pressed upwards, is equivalent to the 
weight of as much water as would fill up the space 


snei, or the part of the cork below the surface. 


If, therefore, the part which is below the surface 
has the same bulk as a quantity of water that would 
weigh what the whole cork weighs, then the pres- 
sure upwards will be equal to the weight of the cur; 
and keep it from sinking. 

A body that has the ame gpecific gravity with the 
fluid into which it is immersed, will rest in any part of 
the fluid wherever it happens to be placed. For the 
body, you know, endeavours to descend by its own 
weight, and is prevented from descending by a force 
equal to the weight of an equal bulk of fluid; but 
when the body and the fluid are of the same specific 
gravity, equal masses of each are of the same weight; 
and consequently, the force with which the body 
endeavours to descend, and the force which opposes 
the descent, are equal to each other; and, as they 


act in contrary directions, the body will rest between 


— 


them, so as neither to sink by its own weight, nor to 
ascend by the pressure of the fluid upwards. 
It is manifest from these positions, that if by any 


contrivance the specific gravity of a solid can be Va-. 


ried $0 as to be one while greater, another less, and 


then equal to the specific gravity of the fluid, wherein 


it is immersed, the body will sink, or rise, or remain 
suspended, according to the variations of its specific 
gravity. And this is the case in the experiment with 


these little glass images which 'I am now w going ta 
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exhibit to you, which are made to-ascend; or - descend, L 
of remain suspended at pleasure; the reason of which 
I shall explain to et aller. ry have: seen the _ 
riment. ny 
'The images Deine set to float on dhe Wader the 

top of the vessel must be covered with a bladder 
closely bound about the neck of the vessel, to the 
end that the air which lies on the surface of the water 
may not force its way out when it is condensed 
the hand. The images themselves are nearly of the 
same specific gravity with the water, but rather a 
little lighter, and consequently float near the surface; 
the images being hollow, are full of air, which, by 
means of small holes in their heels, communicates 
with the air without. When the air which lies be- 
neath the bladder is pressed by the hand, it presses 
on the surface of the water; and as the pressure is 
ptopagated through all the water, those portions 
which are contiguous. to the heels of the images are 
thereby forced into the holes, by which means the 
air within is condensed, and at the same time the 
weight of the images is increased by the weight of 
the influent water; and when so much water 1s 
forced in, as to render the specific gravity of the 
images greater than that of the water, the images 
descend and fall to the bottom, where they remain 
as long as the pressure above continues; but when 
that is taken off by the removal of the hand, the 
condensed air in the: images dilates and expands it- 
self, and in so doing drives out the water, upon 
which account the images become specifically lighter 
than water, and of course ascend. As the pressure 
on the bladder is greater or less, so must the quan- 
tity of water be which is forced into the images; and 
therefore whenever it happem, that during the as- 
cent or descent of an image, such a pressure 18 made 
as suffices to force in just as much water as is requi- 
| site to o feduce the i mage to the same Peciſic we 


\ 
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with the water, the image stops and remains sus- 
pended; upon increasing the pressure in descends, 
and ascends if it be lessened. Some of the images 


begin to descend sooner or rise later than others, 


either because they are specifically heavier, or be- 


cause the cavities in their legs are greater in some. 


images in proportion to their e than op 
are in others. U 


This is but an experiment of mere amusement; 
many and more important uses are the result of our 


being able to determine the specific gravities of bo- 


dies: to this, therefore, we shall now proceed. 


All bodies, when. immersed in a fluid, lose the wiight 
of an equal bulk of that: fluid; in other words, every 


body immersed in a fluid loses a part of its gravit 


equal to the weight of the fluid, which would fill the 


SPACE, taken up by the body. 

A piece of lead, or of any other substance, when 
it is immersed in water, is not so heavy as when it is 
out of water; for the water, you know, presses N 


more upwards than downwards, and the excess of 
the pressure upwards will support part of the weight. 
But this excess was shewn to be equivalent to the 
weight of as much water as has the same bulk with 


the lead; and, consequently, since the body im 


mersed must lose as much of its weight as the fluid 
can support, the lead will lose the weight of an 


equal bulk of water.. 


Thus a cubic foot of land: rs m n, hanging by 
the string, LI, plate 1, fig. 13, will weigh less in | 


the water than it does out of it, because the water by 
its pressure upward against the lead will support a 


cubic foot of water, or one thousand ayoirdupois 
ounces; for so much, a cubic foot. of water weighs, 
and equsequently 80 much of its weight the ö 
must 1 „ | 
| Again, a; body, endeavours to. gescend by 1 its Whole 
weight; When it is e in a fluid, it is sup- 
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orted by a force equal to the weight of the same 


ulk of that fluid: and since these two forces act in 


contrary directions, the weight which the body re- 
tains in the fluid will be the' difference between 
The following experiment, which is plain and 
decisive, will render the position self-evident; the 


them, or it loses the weight of an equal bulk of the 


apparatus for it consists of a beam, a small hollow 


cylindric bucket, AB, plate 2, fg. 2, and another 


cylinder, CD, which precisely fits the capacity of 
the bucket AB, only a portion of one arm, EF, of 


the beam is represented in this figure. I suspend 


the bucket by one end of the beam, at the bottom of 


the bucket is fixed a strong thread of silk with a loop 
on the lower end; to this loop the close cylinder is 
suspended; I counterpoise these by a weight at the 
other end of the beam; I then set a jar of water 
under the cylinder, and gently lower the beam, and 
you see it becomes lighter and lighter upon the beam 


as the cylinder descends; now it is quite immersed, 


and you see the equipoise is destroyed by the des- 
cent of the weight of the other arm. To shew you 
how much weight is lost by the cylinder, I shall add 
the weight of a e as much water as is equal 
in bulk to the cylinder; that is, I shall fill the 


bucket, which you know is exactly the same size; 


and as I do it gradually, you observe the equipoise is 
restored by degrees, till the bucket is full, and then 
the beam is truly horizontal as at first, the loss of 
weight being restored by the equal cylinder of water 
in the bucket, aA. ee 104 


From what has been said, you now see clearly 


whenee the los of weight proceeds; we see now, it 
is no otherwise lost than as it is sustained by the 


action of a contrary force; you may therefore now 
see why the weight of a bucket of water is not per- 


ceived while it is in the water, not because that 
| , FLIES) 
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| witght is destroyed, but because it is supported; not 


because fluids do not gravitate when they are in 
fluids of the same sort, but because there is a pres- 
sure in a contrary direction which is exactly equal to 


| their'gravity. 


Since the weight, ullek a body loses when it is 
immersed, is always the weight of as much of that 


fluid as is equal in bulk to itself, it follows, that the 
weight lost by the body cannot at all depend either 


on the depth of the fluid itself, or the depth to which 
it is immersed therein. An anchor loses no more of 


its 1 when it is at the bottom, than when it is 


just below the surface, for in either case it loses the 
weght of as much water as is equal in bulk to itself. 
It is not more easy to swim in deep than in shallow 
water, provided t the water is not 80 shallow as to 


prevent one from striking freely; for, whatever is 
the depth of the water, a man loses the weight of 


as much water as is cat in bulk to his own body; 
for which reason shallow water will buoy him u 


with as great force as deep water. Indeed, it is 


easier to swim in the sea than in a river, because salt 


water is specifically heavier than fresh; and as a man 


loses the weight of as much salt water as is equal in 
bulk to his body, and in the river loses only the 


weight of an equal bulk of fresh water, the weight 


lost here being greater, salt water will buoy him up 
with the greater force. 


There are very few, if any animals, that are spe- 


cifically Heavier than common water. The sub- 


ting! indeed, 'of both animals and vegetables are 


specifically heavier; the floating of either is there- 
fore to be attributed te to the cells'or receptacles inter- 


spersed within them, "which! are filled with air, oil, 


Kc. substances lighter than water; so that, taken 


eld they form a mass specifieaily lighter than 2 


qmparatlye. bull of common water. 
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tending. the chest in inspiration; this has been, tried 
buy an experiment on a fat man of an ordinary size, 
by finding what weight he could support 50; as to 
have the top of the head just above water. When 
biss breast was full of air, he was found to rise with 
fourteen pounds of lead without striking out in the 
least, and two ounces more would have kept him 
under; but when his breast was not thus distended, 


he could only bring up eleven pounds. 


Al equal solids, though of different specific gravity, 
when. they are mmersed into the same fluid, lose an 


equal weight. The weight which, gold, silyer, lead; 
stones, or any other body, loses in water, does not 


at all depend upon the sort or figure of a body, but 


upon its bulk of sige. The stone loses the weight 
of an equal bulk of water, so does the lead; when, 


therefore, they are of the same size, they each of 


them lose the weight of the same quantity of water, 
that is, they lose an equal weight: but if two bodies 
of the same sort differ in size, they will lose different 


. 
- 


| weights in proportion to their size. Rien r T9: 
To prove that the loss of weight is not affected by 
the absolute weight of the body, but depends on its 
sige, alter the weight. of the cylinder, by adding to 
or diminishing the, number of shot contained in it, 
and then repeat the experiment with it and the 
bucket as before, and you will find ther event the 
game, „ aging en Vogt ee 20g ec. 
In the same, manner, you shew that all bodies, 
however different their specifio grayity may be, if 
of weight in the same fluid; thus a cylinder of block- 
tin, equal in dimensjons to the hrass cylinder, but 
specifically lichter, beg immerzed in water, will 
lase the same en, n 
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2 date in "180 Obs Puid. Thus, this piece of 
gold in one scale weighs just as much as a piece of 
copp er in the other, N when they are weighed 1 in 
ait. Now, hang them by horse-hairs on the hooks. 
of ybur balance, and let l down into the glass 
vessels, and as soon as t! ey are immersed in the 
water, te equilibrium "wil be destroyed, and the 
gold will outweigh the copper; for, as they have 
cqual'weigh ts, their bulks Are as their specific gra- 
vities; that is, the | dA be as much less than the 
copper as the speci avity of the gold is greater 
than'that'of copper; "the 'gold, therefore, because it 
is the smaller of the tio bodies, will lose less of its 
weight than the coppet does, and Will consequenitly. 


jr; ef the cop 9a 110 5 
uf t * 9 pg e Ne Are made of the. same 
weight, w. * tHey are” under Water, ther by draw- 
ing them on if che Nuler, the copper will become 
the beurier! ſot when ther were under the water, 
each öf them lost as much of their weight as the 
water could sustain, that is, each of them lost a 
weight in proportion to its bulk: but the copper 
beth the'bigger of the two, lost the greater weight, 
and as the eig eight which they lost in water is reco- 
vered upon their being drawn up in the air, the 
copper becher more weight than the gold, and wilt 
therefore ontweigh the gold. | 

" The weight lost by a Solid immersed' ma gui is 
communicated to the fluid. Though a solid loses part 
of its weight. when immersed in a fluid, you are not | 
to suppose that the weight 50 lost by the solid is ac- 
tually destroyed, but that it is imparted to the fluid, 
the Auid constantly gaining what the solid loses; 
for, if you put the vessel with the water wherein the 
cylinders were immersed into a scale, and counter- 
poise it, you will find, upon the immersion of the 
cylinder, it will preponderate with extctly the same 
weight that the cylinder loses. ” 
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Before I instruet you how to discoyer the specific, t 
weights of bodies, it will be nec 5 0 note ff iy yo 
curious facts, 0 3 Ow. th 


made | to Swim ROD water, or 1508 = 1 1555 0 


like wood, may be made 005 remain funk heb bot” | w 

tom of-a vessel of water. tr. 
A body that iss ce heavier, than a 1 in may, de 
| | be, SU ef in ii by the Pi esSure upwards, uf the, PR: 8 
|  oure parte Pet is taken away:,, As bodies Specifical ly : 
| | heavier tink, because the for 26, wherewith they Press Ve 
| downwards excecds the pressure from. beneath which P! 
$ opposes their descent, 35 the force wherewith they = 
|. end is equal;to,the ifference. of those pressures; EY 
| if by any contrivance those two, 1 5 85 n be e, 2 
I | duced to an equality, then the bo dies will not. des- b 
| cend, but remain in , To s ben, this, 12 3 
| is a circular brass plate gr e Aye |, 59.,A8,t0,gQFer * 
G dr a b e a n  $aPh. a 
| C 1 to the tube hy, ow; JMmerse 1 


brass is no therein, HEL ig more, ors tha eight t 
times its own thickness; 1 at this depth, the FL, 
piece of brass is, 0 the pressure of the 8 

Vater, and does not sink thou g 7 10 e string. 3 

The brass endeavours, to descend by its own 
gate it is pressed upward, py a weight equal to 
that of a cylindrical column of water, having the 
same base KEY the brass plate, and being eight times 
thicker; and because brass is eight times specifically 
heavier than water, the weight of a cylindrical co- 
lumn of water which. presses upward, and the weight 
of the brass by which it endeavours to descend, will 
be equal, and ne e the brass will be just 
supported in equilibrioo 
Again, @ body that is #pecificall n hehier than the 

_ Fluid in which is is immersed, will not rise if the pres- 
Sure upward is. prevented. 'To prove this, here is a 
bit. of cork so fitted to the bottom of this vessel, that 
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the surfaces are every where in contact; now, r 
you pour mercury into the vessel, you will find that 
the cork will not ascend alk it a Separated from _ 
bottom of the vessel. n ONS 

The effect of a fluid's pressure in a ee bein 


trary to that of gravity is here evinced by a very 


decisive experiment; as long as the aud is 


vented from communicating with the under surface, 
the eork continues attached to the bottom of the 
vessel partly by its own weight, and partiy by the 


Pander of the mercury on its upper surface. 


From what I have already explained, you must 
necessarily have discovered the rationale of sinking 


and swimming. You saw that when a body waz 
bulk ſor bulk heavier than the fluid, by being im- 


mersed it loses only the weight of an equal bulk of 
the fluid, and consequently the residual or remain- 


ing gravity of the solid must carry it down to the 


bottom, or make it sink. 


On the other hand, if 155 gokid has less weight in 
the same bulk than the fluid, then it cannot by its 


weight displace or raise upwards its whole bulk of 


the fluid, but only so much of it as is equal to its 
own weight; and from this deficiency in weight it 
will be only partly immersed, and will therefore 
swim upon the upper part of the fluid. 

Of all the animals, however, thrown into the wa- 


ter, man is the most helpless; the brute creation 


receive the art of swimming from nature, while man 


can only acquire it by practice; the one escapes 


without danger, the other sinks to the bottom. 


Some have asserted, that this arises from the diffe- 


rent sensibilities each have of the danger; the hrute 
unterrified at his situation struggles, while his yay 
ſhoes sink the lord of the creation. 


But much better reasons may be assigned wk this 


impotonee of man in water, wheri compared to other 
animals; and one is, that he has actually more spe- 
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_ *cifie gravity, or contains more matter within the 
same surſace than any other animal. The trunk of 
the body in other animals is large, and their extre- 
mities proportionably small; in man it is the reverse, 
his extremities are very large in proportion to his 
trunk. The specific weight of the extremities is 
proportionably greater than that of the trunk in all 
animals, and therefore man must have the greatest 
a a in water, since his extremities are the largest. 
Besides this, other animals to swim have only to 
walk, as it were, forwards upon the water; the mo- 
tion they give their limbs in swimming is exactly the 
same they use upon land; but it is different with 
man, who makes use of those limbs to help him 
forwards upon water, which he em ppm to a my 
en purpose . and, 


/ 


\ LECTURE XXXIV. 


ON THE METHODS OF ESTIMATING THE SPECIPIC 
GRAVITY or BODIES; ON e ER 


From the principles ouplained to you in the pre- 
ceding Lecture, it will be easy to shew you in 
what manner you may estimate the specific gravities 
of different bodies, whether solid or fluid. Now, 
the specific gravity of a body is the weight of that 
body, under a known and determinate magnitude; 
as a cubic inch, a foot, &c. To acquire this Know- 
ledge, the body i is to be weighed hydrostatically; that 
is, 1. In air; 2, In water. Jou know, that a body 
immersed in water displaces a volume of water ex- 
actly equal to its own, ang. that it loses a portion 
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of its weight exactly equal to the volume displaced; 
we therefore obtain by this mode, 1. The weight 
of the body; 2. The weight of a volume of water 


perfectly equal in bulk to that of the body. These 


two weights, compared together; give the relation 
SO the specific' gravity of water, which we 
to be known, and that of the given body, 

by making the following proportion, ih which 1000# 
represents the specifie gravity of water. The weight 
of the volume of water displaced hy the body, is to 
the weight of this body, as 1000 is to a fourth: term 


representing the speci e gravity of this body: for 


the specific gravities are as the weights of equal 
bulks; therefore the specific gravity of the fluid is 
to that of the body, as 1 hows pak lost i in the my 
is to the whole weight. ehe 
Now, let us suppose a piece of gold to wigs 38 
grains in air, and only 36 grains when weighed in 
water; it has therefore lost two grains. Reasoning, 
therefore, from what has been already proved, we 
say, the gold has lost the weight of as much water 


as is equal in bulk to itself. But the gold itself 


weighs 38 grains; consequently, bulk for bulk, 
the weight of water is to that of gold, or the spe- 


cific gravity of the fluid to that of the solid, as 2 to 
38; that is, as che eee of the Reich is to the Whole 5 


weight, | ny 
Thus the whale art of comparing the; ppecifi gra- 
vity of bodies, consists in finding out what the b 
weighs in air, and how much of that weight is lost 
in water; and then dividing the first weight by the 
difference between the first and second weight, and 
the quotient. of this division shews how n times 
the boy is heavier than water. 


* In hydrostatic calculation, wat? 38 - standard from which 
all the respective gravities are taken, is reckoned as i unity, | or 
1, 10, 100, 1009, &c. as the case requires. 
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The, definition, of specific gravity. implies comp 
rison. Some kind of body must be fixed. upon, 
bose gravity. must be made a standard for the gra- 

vity of other bodies of equal bulk to be compared 
| with, This standard body should have two pro- 

perties; first, it must he easy to be had, or come at, 
upon all occasions; and, 1 it should be of as 
Hxed and unalterable a nature as possible, that there 
may be no variation in its ani in equal. bulks,;1 in 
eee eee ee 

Now, as the best ay of diseorering we spe- 
cific grayities of bodies is by immersion, the body 
must be of the fluid 41% and, among fluids, — 
is that which, possesses in the highest degree the re- 
quisites for à standard. Distilled water is the least 
objectionable; next to this pure rain-water; but 
common water, for wanh pupareu will answer ex- 
ceeding well. 

The specific gravity or weight 5 a Piren bulk 
of distilled water is nearly at all times the same; and 
by comparing this with other substances, the ratio 
of their specific gravities may be discovered; and 
denoting the specitic gravity of water, by any num- 
ber, taken at pleasure, the numbers expressing the 
eile gravities of other bodies are hence given. 

As the weight of one cubical foot of pure distilled 
water is equal to 1000 ounces avoirdupois, if its spe- 
cific gravity be denoted by 1, or 1000, the weight of 
one cubic toot, or other measure, of other substances, 
is hence found, and tables of the d nine of 
bodies are formed. 

One ounce aypirdupoie' 18 oval to 437. 5 grains, 
and an ounce to 480 grains; consequently, one 
avoirdupois pound is to one troy pound, as 47 X 16 
to 480 X 12, or as 1750 to 1440. | 

A cubic foot of water is equal to 1000 ounces 
pvoird upois, or 62.5 Ib. avoirdupois; whence 1 we find 
it to be cqual 75.95 lb. tro. 
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_ «A, cnbic inch of Water is equal 253.18 grains, 


of. 57 869 parts of an gyoirdupois ounce: pcm 253. _ 


nigen, or TATA 15 Ai an uns home 
THE USE OF THE HYDROSTATIC bbw O BTH IN 
| DETERMINING THE QUALITY. or Goh, & . 


A get SOS v4 


"ON eee EIB eee eee at 


| bodies, you will thence be able, by 7 metals 
in water, to discover their adulterations or mixtures, 


with greater exactness than by any other method: 


wWhatsoever. By this means the counterfeit coin, 
which may be offered you as gold, will be _— dis- 


tinguished, and known to be a baser metal. | 

The principal and distinguighing qualities K pure 
gold, are the simplieity, minuteness, and close co- 
hesion of its parts; whereby a greater number of 
those parts is contained in less space than any ocher 
body with, which we are acquaintect. 

As all bodies weighi In proportion to their quantity 
af gravitating matter, under the same bulk, tbe 
specific weight of gold must be auperiot to that of 
other metals 

It follows from hence, that if gold be FT Rl 
with any other metal, its specific gravity, or com- 
parative weight, must be less in proportion to the 
quantity of alloy. The weight, TOO, of gold, 
is a sure criterion of its quality. 

- In order to determine the precise quantity of alloy 
compounded with gold, gold must be weighed with: 
some other mass as a standard, and their relative gra- 


vities be computed. I have already heweh Vous * 


water is the most convenient standard. 

It will therefore, from what has been adds be easy 
to you, by means of an accurate hydrostatic ballance, 
to determine its quality and real value. Weigh a 
piece of gold first in air, weigh it then in water, 
subtract its weight in water from the weight 1 in air, 
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and the difference shews khe loss it has sustlined by 
being weighed in a denser medium. Divide the 
weight in air by the loss in water; the quotient 
$hews the specific gravity, or 11 many times gold 
is heavier than water.. Th 10 

On. the contrary,” the ohdeiſic gravity of. eng 
gold being known, if the weight in air of any 

piece of =. coin de divided by the specific g | 
of cle go gold, the quotlent shews“ what ougbt 
to be its loss in water; and if it be found to owe 
| more, the gold is bad, or has too much alloy. 
Gold is about eighteen times as heavy as mme 
water 3 the specific gravity of sterling gold being to | 

the weight of water as 17. 793 to 1. If, therefore, 
a guinea weighs in air 129 grains, when weighed 
in water it must lose 7.25, or 73 grains of its — 8 
because, as 7.250 is to 129, 80 is 1 to 17.793; 80 
that a quantity of water equal in bulk to a sterling 
guinea, weighs 74 grains. I shall shew you here- 
after bow to compute the proportion in which the 
quantity of alloy in counterfeit gold exceeds that 
which is allowed to a standard, and proceed to de- 
scribe the pt ard ron ballance, and the method of 
| applying it to „ ; MENOS a ad 

: | "IE 157 15 AUE 3 

or THE HYDROSTATIC! BALLANGEE. | 


The 5058 of these inllinoes are in iv gente made 
ſrom eight to ten inches long; and with the per- 
fections necessary to a good ballance beam, as pointed 
out in my Lecture on Mechanics, it is made either 
to rest upon a simple stand or fulcrum, as at plate 2, 
g. 3, or on a more complete and convenient stand, 
as 3 Fs. io EET? | 


* See an excellent small tract on the use of the Hydrostati 
Ballance, by Becket. ' y 
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To this beam are adjusted a pair of een 
which may be taken off at pleasure. There is also 
another small pan, A, fg. 3, of equal weight with one 
of the others, furnished with shorter, strings, so as to 
admit a vessel of water to be placed under it. When 
the ballance is used for hydrostatic purposes, this 
pan is to be suspended at one end of the beam, and 


one of the common scale-pans at the other. 


The glass pucket, A, fig. 4, is to hold: any solid 
body to - weighed in water, and is to be suspended 


by, the horse-hair to the hook at the bottom of the 


small scale. There is a weight to be placed in the 
opposite scale, in order to ballance the bucket ex- 


actly in water. 


The brass tongs are for the same purpose, and to 


hold such substances as cannot conveniently be put 


into the bucket. 
The small brass nipper is intended for weighing 


of gold coin; which may be more accurately weighed | 


by this than. in the bucket, which is principally de- 
signed for such things as cannot be well placed in 
the nipper or tongs: the beam will turn much easier 
with either of these, than with the other. A scale- 


beam, loaded at each end with a considerable weight, 7 


is insensible of the addition of a small one: bexides, 
the resisting medium of water, through which the 


whole surface of the bucket and its contents must. 


pass, lessens the vibration of the beam, and renders 
che operation both tedious and uncertain. 

The glass solid, B, fig. 3, is made use of to deter- 
mine the speciſic gravity of fluids. 


The beam of the best ballance is Ae — 


weighing, by turning the brass nut, B, of fig. 4. 


Each af these appendages has, you see, a, respec- 


tive weight, for a; ballance in water, which are dis- 
tinguisbed by different marks. These weights are 


intended to ballance them exactly; but their cor- 
rectness may be injured by different cixcumstances, 
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Ants varies'considerably i in its density, accord- 


ing to the temperature of the air; in hot weather 


it is lighter, in cold it is heavier: in the former case 
the balfarice may appear rather too light, and in very 
cold weather rather too heavy. Whenever this 


happens, you ron restore the equilibrium” by a 


small weight, dropped into the scale that requires 
it, betore any hy drostatic experiments can be per- 
formed with Werber. From hence it is natural to 
conclude, that the specific gravity of the same sub- 
stances will be different at different times: this va- 
riation is however so small, particularly in the 


weight of gold, bs not to be regarded i m common EX- 
| Periments. h 


For easier computation, I $hall use Math of 


þ vans for the subdirisions in these W 


7 
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Weigh the substänces first neewurately in /air, 


Setting down with a pen the weight in grains and 
decimal parts; .then hang on the small water-scale 
to one end of the beam; place under it the glass 
vessel, pouring water in till it be filled to within 
three quarters of an inch from the brim: let the 
body to be weighed be then placed in the nippers, 
tongs, or bucket, as is most convenient; and, im- 
ing it in the water, suspend it by the horse-hair 

to the hook at the bottom of the water- scale. 
Take care that the same weights that ballanced 


the body in air be in the opposite scale, and likewise 


the proper ballance water-wweighis, and that no air 
bubble adhere to any part of the substance in the 
water, which will — it apparently lighter. 
The opposite scale to that hel. contains the 
substance will now greatly preponderate; weights 


shbuld therefore be put ih, the \ater-scale ill the | 


"3 BE 


equilib 


be restored. 


GRAVITY OF SOLIDS. 431 


Ide pen and ink will now finish the operation. 
Divide the weight in air by the loss in water; that is, 
divide the number of grains in the large scale by 


those in the small one, and the-quotient will'shew 
the specific gravity, or bow many times heavier the 


substance that was weighed is than water. 


If the weight in the small scale be subtracted 
fre that in the other, it will shew the respective 


gravity of the weighed substance, or the We _ 


| which it will be evenly ballanced in water. 
This will be rendered plainer by an example or 


two. Weigh this new guinea in air; you have found 


its weight to be 129 grains. Now fix it in the nip- 
pers, suspend them from the water-scale, and im- 
merge it in the water (the ballance-weight of the 
nippers being in the opposite scale), it appears to be 


lighter; but put 74 grains in the water-scale, and 
the equilibrium will be restored, which shews that 
the guinea is good, or that *erling god is 17 793 


times as heavy as water.* 


Example 2. Here is a guinea that I suspect to be 
bad, or counterfeit gold, though upon weighing it 
in air, it is found to be of full weight, or 129 grains. 
Now, let us weight it in water: it has lost 8.12 
grains; what is its specific gravity. e 

As the loss in water is to the weight i in air, $0 is 
1 70 the Specific gravity; therefore, as 8.12 to 129, 
80 is 1 to 15.880; for 129.00, divided by 8.12, gives 


15.886 for the Specific gravity, sbewing that the 


gold is much worse than sterling. 


Example 3. If a piece of silver weighs k 636 grains 
in air, what is its specific gravity, supposing it to lose 
60. 7 when weighed in water? 00. 7: nn : 110.478 


* This4 4s dla the weight of a new guinea, but not ae; 


so; its real weight, valuing gold at C. 3 17 103 per ounce, is 


129.438, or nearly 5 dwts. 9³ Mag; the loss 1 in Water will there 
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the Specific pravitysiby which it appoars to be good 

. Low "dich Wee 55 water is 
Rint⸗glass? 1 piece of white cen e 
169 Of and lost 50.60. 

50.60 169.05 : 1: 3, 341 3197 
80 hay it was somewhat more than 34 times heavjer 
than its bulk of water. 

Example 5. Mercury, though properly a fluid, is 
to be weighed as a solid. Thus, put one ounce, or 


4800 grains of mereury into the glass bucket, and 


weighing it in water, it will be found to lose nearly 


about 351 grains. eme, therefore, is heavier 
than water as 13.67 to 1. 10 


The method is the same for most 0 solid sub- 
stances that are specifically heavier than water; for 
those that are hgheer, the ny 1s somewhat dif- 
ſerent. 5 

When any ching Ae on the surface of a fluid, 
it displaces just so much of the fluid as is equal in 
weight to the weight of the whole floating body. 


Suppose a hollow cube of tin, two inches square, to 


weigh one ounce; this being floated on water, may 
be supposed to sink in it half an inch, or one-fourth 
part of the whole: if so, .a body of water two inches 


square, and half an inch thick, must weigh one 


ounce, equal to the weight of the cube, which would 
be four times specifically lighter than water. The 
cube would require an additional weight of three 
ounces to immerge it totally in the fluid; the respec- 
tive gravity of the water to the cube is therefore as 


3 to 1, and consequently a bulk of water equal to 
the cube would weigh four ounces. 


From hence the method of weighing light sub- 


stances specifically, is as easily conceived and put in 


practice as that of weighing the heavier ones. 
Though several different appendages have been 
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| 1 to the. hydrostatic ballance for this: purpose, bs 


they appear in general to be unnecessary, as most 
substances that are not too large to go into the 2 
tongs, may very, accurately be weighed" in it. fl 

Example 6. Suppose it was required to find. the 


Specific gravity of a pee of ay. beech-wood, weighs 


ing 59.50 grains. * 


Having set down che. 0 of aa tan in ies | 
fx it in the tongs, and suspend the whole to the 
water-scale, placing the ballance-weight of the tongs | 
in the opposite scale. In the foregoing experiments, 


we let the weights with which the substance was 
weighed remain in the scale; we are now to take 


out all of them, except the ballance-weight; and; 


upon immerging the tongs and wood into the water, 
they will appear to be lighter than the tongs alone. 


Tbat adding a weight to one end of a scale-beam 
should make the other end preponderate, seems to 
be as paradoxical as the weighing of levity; but it 
cases to be so when we consider, that no bodies 
ascend by means of their levity, but by reason of the 
greater density of the medium in which they are 
immersed. The wood pulls the tongs upward with 


a force equal to the respective gravity of the water; 


so that it requires as much weight to restore the 


equilibrium, as the wood is lighter than its bulk of 


water. Small weights are therefore to be put into 
the water-scale, till the ballance be even; and the 


weight of the wood in air, added to these small 


weights, will be equal to the weight of a bulk of 


water of the same size as the wood; consequently, 


the opecific gravity will be as the werg hi of such a bulk - 


of water is to the weight of the ws in air. 


When I weighed: the wood, I put 16.7 RR 
into the water-scale, before the ballange became even. 


16.70 added to 59.50, the eng of the wood mah 
76.20; ebe e een, n 
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76 20: 59. 50 5 Sonar 8 en the pelt gravity 


| of the beech. 


Example 7. A ns: of very dry cork, weighing 
in air 24.3 grains, required 149.2 to be put in the 
water-scale, to restore the ballance. 149.2, added 
to 24.3, make 173.5, the __ of a bulk of water 
equal to the cork. As 173.5 * 24.3 :: 1.000 152, 


the specific gravity of the cork; 7 0 times oy 


lighter than water. 
The specific gravity of dhother piece of cork was 
241 „or about 4 times lighter than water.. 
N.B. In weighing of those bodies whine Pores 
readily imbibe the water, the quicker the expe- 


riment is b the more + anno it is to Me 


er e 2 an 


* 
1 N 0% x f *2 
E 7 
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orn. 


That A is meant by che term ets: Keul 


; of bodies, being nothing more than the difference, 
or comparative weight of those bodies to that of 
common water, we might easily find the specific 


gravity of any Kind of fluid, by weigbing a quantity 


of it against an equal quantity of water; but as a 


solid body, when immersed in a fluid, loses as much 
of its weight as a bulk of the fluid equal to the body 


weighs, a more convenient and accurate method 
is the immersion of a solid, of some determinate 


weight, in the fluid v hose Specific gran we desire 
30 know, - 

For this pu pose is tbe conical piece of solid glass, 
belonging to tt hydrostatic ballante; whose weight, 
both in air and water, being known, shews imme 


diately the weight of the fluid into which it is sus- 
ended; the solid being borne up by the fluid in a 
MP: oportion equal to its FOOTE my 


* 


his a 
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4h the glass solid to weigh in air 1464 
grains, and that, when it is suspended from the 
water-scale, and immerged in water, it loses of its 
weight 445 grains; this would be the weight of a 


bulk of water equal to the solid. The ballance- 


weight for the solid must be made just . rag to What 


it ent in water, i. e. 1019 grains. 


Whatever fluid is to be weighed, let it 'he put 
into the glass recipient; suspend the solid to the 
hook of the water-scale, and let it hang freely in the 
liquor, putting the ballance-weight in the opposite 
scale. If the fluid be heavier than water, the solid 
will rise in it; if lighter, it will sink to the bottom 


of the recipient. In either case, small weights are 


to be put into the lighter Scale, till the wiflafce be 
made even. 

1. When the fluid is lighter than water, the 
weight gained by the glass solid is to be subtracted 
from the weight of a bulk of water equal to the 
solid 445, tr, the remainder 1s the weight of an 
equal bulk of the fluid, or its OI gravity to 
Water. Ft Io 

Example 1. When be a glass solid as the above 
was immersed in brandy, it ballanced 38.2 grains 


more than in water. This, taken from 445.0, leaves 


406.8; therefore, the specific weight o of the brandy 


was to water as 406.8 to 445. 


"To reduce it to its proper terms, milliiphy the dif- 


oe 38.2, by 1000, the denominator of water, and 
divide the product by 445. As 445 : 38.2 :: 1000 
: 86; subtract 86 from 1000, there remain 914, the 


specific gravity of the brandy. 


From hence it appears, that the bade weighed 


66 rts in 1000, or about x: less than water. 


ample 2. In rum, the solid ballanced 40.3 - 


grains more in water; as 445: 40.3 :: 1000: 91— 
91 from 1 1900, Tear 909. The . PE. 
| 5] e 2 | 
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vity of the rum to water was therefore . og, or 


Je about x r. 1 inn 


Example 3. Wben! the solid was immersed in 


| highly rectified spirit of wine, it ballanced 73.6 


mie than in water; therefore, 445-: 70) 22 1000 
: 165—165. from 1000, remain .835, or 5. 
It appears from these examples, that the hydro- 


static ballance is a certain and correct instrument 


for determining the strength of spirits, perhaps more 


so than the most accurate bydrometer that has yet 
been made for that purpose. 


It is of considerable 5 to Aden and 


p a in spirituous liquors, to know the precise 
point of strength which is termed proof: though this, 


indeed, is rather arbitrary, than any fixed standard; 


but the degree of wor. which, I am, informed, 
is now called merchantable proof, fixeth the 5pecitic 


gravity of the spirit to water at .930. 


930 taken from 1000 leaves 70; th erefore, 1000 
: 70 :: 445: 31.15; So that in proof spirit, a glass 


solid of the weight above-mentioned, must ballance 
31.15, or about 314 grains more than in water. 


It may easily be found in what proportion the 


spirit is above or below proof, by observing what 
quantity of water or alcohol is necessary to be mixed 


with it, in order to bring it to the above standard; 

and it might be immediately known, by comparing 
the weight of the spirit with that of water, if the 
specific gravity of both, when compounded, remained 
in the same ratio as when separate; but as it is 


found, that. when water is mixed with spirit, tbe 
specific gravity of the compound i is greater than that 
of the water and the spirit before they are com- 
pounded, the caleulation must therefore turn out in- 
Lorréet. 2 For instance, 


A quantity of the rum, 88 equal 


Ini bulk to the glass solid, weighed Yup nearly! 405 


7 


th 
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gimins, a an equal bulk of water 445 grains; suppose 
then, that in order to reduce the rum to eee one 
fifth n 1 water was to boa RES with it; 


* Water 1 445 n 
. Rum ==. - 4=1020 _ 
f 5) 2065 


i * 
l 
427 

CY 


— l 


Mean weight. a = = 413 


By this it appears, that a quantity of the com- 
pound, equal in bulk to the glass solid, should 
weigh 413 grains, and consequently, that the solid, 
when immersed in it, should ballance 32 grains 


more than in water; in which case it would stil . | 


somewhat above proof. 
But, upon trial, it will be found to ballance not. 
much more than 293, and that there must be but 


little more than one-seventh part of water mixed, 
with the rum to reduce it to the given standard. 


| Immediately after water is mixed with spirit, the 
compound appears lighter; but in a few hours after- 
wards, when the particles of each are more intimately 


united, its bulk diminishes, and ent the 7 I 


specific gravity increases, 
From a few experiments of this kind, the theory 


will appear sufficiently plain; and a table might ea- 


sily be formed for shewing by inspection what quan- 


tity of water is necessary to be put to any given 


quantity of spirit, to render it true proof. 


2. When fluids are specifically heavier than wa- 
ter, the glass solid, as before observed, will rise in 
zuch fluid, the water-hallance weight being in. the 
opposite scale, and appear to be- lighter; small 
weights are therefore to be put in the water-seale, 
till the equilibrium be restored; and the loss which 
the solid sustains, by being weighed in the heavy 
Aal. is to be added to the weight of a bulk of 
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Water equal to the solid; the sum shews the beribe 


gravity of the fluid to water. 


Example 4. Suppose it was required to find- the 


specific gravity of sea water, or how my heavier 
it is than rain water, | 


Let the solid be suspended, as usual, to the water 
scale, and immersed in the sea water, putting the 


ballance-weight in the opposite scale. It will require 
- "4150 grains to bring it to an even ballance. 


As 445 : 11.6 :: 1000 : 26. 


The specific gravity is therefore 1026; which 


shews that sea water is 26 parts in 1000, Or 71 
heavier than rain water; or that there must be 


1026 measures of rain water to weigh as much as 


1000 measures of sea water. The method is the 


same for every other fluid Oy heavier un 
Water. 


The specific gravity of salt and water, in equal 


quantities, in measure, is 1205; or about one- Ah 
heavier than common water. 


METHOD OF DISCOVERING THE PROPORTION or 
ALLOY MIXED WITH GOLD. | 


The specific gravity of 1 or money V d. 
as before observed, is 17.79, fling o is the standard 
made use of in the following calculations, as it 
comes the nearest to the average weight of the cur- 
rent British coin. The specific gravity of pure, or 


very fine gold, is indeed considerably more; in some 


tables it is made 19.64, but it is seidom met with 80 


heavy as this. The specific gravity of good silver is 


10.37; of copper 8.83. 
th then, a mass be compounded of gold-and liver, 


cific gravity of the compound may be thus 
ate without the use * and ballance, 1 


— 


N 


U \ 
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Example 1. Sappose a mass of metal, half gold 


and half silver, in weight, to weigh in air 258.8 


grains, what must be the specific gravity of this 
compound, to an equal bulk of water? 
Rule. Compute what must be the loss in water of 


tbe proportional part of each metal, by dividing its 
weight in air by its specific gravity; add the two 


sums together, and by this product divide the weight 
of the whole mass; the ee will shew the _ 


__ avit 
w 7 in Weich zn ain W 


Ratio of b gold 129.4 7.275 
- - - = - - giver 129. 4 | 12.47 


Ws t , WS": HOPE 7 Lee 
258, 8, divided 17 19.74, gives 13. 11 the Specific 
gravity of the compound mass. 


Example 2. If a guinea be adulterated with copper, 
in the proportion of 4.39 gold and 1 copper, what is 


Ms specific gravity? _ 


Say, if a mass, weighing 5. 39 grains, contains 
1 grain of copper, how much will be contained i in a 
mass s weighing 129.4? 


As 5.39 : 1: : 129.4 24. 


The guinea must therefore contain 24 grains > 


copper and 105. 4 of gold. 


Loss in water of 105 4 grains of gold = 5 93 | 


-— — 3.0 x - 5.09. 24.0 » 0 - e — 2.71 | 


— — 


129.4 pun as e 


129.4 divided by 8. 64, gives 15 for the ppecific | og 
vity.. ALS e 

The same method may be nu for determining 
the specific gravity of any other mass, though com- 
pounded of three or more different OT PRs 


the ratio of each metal be known... 
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The roverns of these exam ples must, therefore; be 
the rule for discovering the proportion of alloy mixed 
with gold, after "Fe On n is found oy the 
 ballance. er e! 
| Example 1. What is the proportion of bold) and 
| r in a mass, weighing 258.8 e a 1 
N a mn is found to be 18.11? 

Compute what must be the 10388 in wits of _ 
a 2 mass of gan of equal weight with the compound, 
and likewise of a mass of Aer of the same weight; 
subtract the loss of gold from that of the dompound, 
the remainder is the ratio of silver: subtract the loss 

2 9 the compound from that of ee the 9 

FThe ratio of gold. 

"Rows 1 in water of 258.8 grains of old x = 14.54 
${5,5,5,5 258.8 „Silver 24.94 
8 - => - - - - - 258.8 the compound = : 19-74 
14. 54 taken from 19.74, there remain 8. 20; 19. 74 
from 24.94, remain likewise 5.20; by which it ap- 
pears that the weight of the gold and silver is in 
equal proportion, 40 reel to the first e E 
example. 
Example 2. If a guinea of i its s full weight, or 129. 4 
grains, be adulterated with copper, and its loss in 


water found to be 8 64, what, BAT, of Ly is 
mixed with it? 


Loss of 129.4 grains 35 Pa > Ih = 7. 27 
L — - = 129.4 copper = 14.65 
1294 the compound ==" 9:04 
7 27 from 8.64, remain 1.37; 8.64 from 14.65, 
remain 6.01: 80 that the proportion of the copper is 
to that of the gold as 1.37 to 6.01; or, agreeably to 
the second preceding example, as 1 to 4.39, i. e. 
24 grains of copper and 105.4 of gold. + 
If it be required to find the — atk of 
each metal in the compound mass; first, find its 
Fpecifis gravity, and then subtract the \#pooilic 87 an 
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2 ity of the inferior metal from that of the compound, ; 


and the remainder shews the ratio of gold; then, if 
the specific ' gravity of the compound be subtracted 


from that of the Sol the ee 1 the ratio Wot 


the inferior metal. 1 , 
It must be abserved⸗ that in pls edi exam- 
ples, the quality of the alloy with which the gold is 


compounded is supposed to be known, together with 
its specific- gravity; but this 1 is Seldom the case: it is 


not often discoverable with what particular metal or 


metals a counterfeit guinea. is adulterated, much less 


their exact specific gravity, which is necessary to be 


| known: the . foregoing experiments, then, may 725 


pear to be calculated more for amusement, than for 


any real utility, i in determining the value of "bad gold. 


This conclusion, howeyer, would be rather too pre- 
cipitate; such experiments and calculations have not 
only a tendency to familiarize the subject, but they 
lead directly to the desired point. A 

Gold may be.made to retain a very specious ap- 
pearance, and yet be rendered much worse than 
sterling, by being adulterated with inferior metals, 
as silver, copper, some kinds of brass, &c. and 


though. the weight of these, after the mass is com- 


pounded, cannot be precisely ascertained, nor, con- 
sequently, the exact ratio of the gold; yet, by taking 
the mean specific gravity of the metals generally 


used for adulterating of gold, and attending to the 


weight colour, &c. of the compound, a pretty cor- 


rect judgment might be formed of the nature of the 


alloy; and if this be nearly true, the hydrostatic 
examination cannot be very mmm, but will ge- 
nerally prove sufficiently accurate. 

As a sterling guinea, when ach in water, is 
land; to lose 74 grains of its weight; if it loses more 
than this, the usual method has been to reckon the 


gold so much worse than sterling, by allowing or 


deducting from its value a certain sum for every 


1 an To FIND THR beau, Rc. 


grain that it loves monde than 74; and perhaps a more 
correct method cannot be taken, if that; be 
adequate to the weight of the alloy. 
A piece of good silver, of equal weight -with a 
linea, or 1.294 grains, when weighed in water, 
of its weight 12.47 R which is 5.2 more 
than the guinea, loses: 


| pence. PLE pence, 
5.2 252 tt 1 48.4. 


15 ede a guinea, or iner piece of gold coin, 
be adulterated with silver, four shillings, at least, 
must be deducted from its value, for every grain 
— * loses more nos it would lose were it ny 
are” piece of copper of equal weight with a guinea, 
loses in water 14 65, which is 7.38 more than a 
guinea, 

pence. { pence, 
7.38 252 2 1 864 


So that, if sterling gold be adulterated with copper, 
two hillings and ten-pence 1s to be deducted from 
its value for every deficient grain; and the same 
method will ascertain the Proportion of 8 other 
species of alloy. 

Counterfeit guineas are seldom found to be adul- 
terated with silver alone, but more generally with 
copper, with a small quantity of silver; or with 
metals whose ne, are nearly equal to that of 
r ® 4$10d | 
From the mean weight of chese metals goed 
with different assays that have been made of coun- 
terfeit gold, it appears, that if three shillings be 
allowed for every grain deficient in the specific gra- 
vity, it will come very near the truth, and may be 
generally r relied on as ne, correct. 
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If there are e fluids to be apr, ah a 


given body which is specifically lighter than any of them 


is made to float upon their Surface, the parts of the 


| body that sink below the surface in these di ferent fluds 


will be inversely as their Specifio gravities. 


A piece of cork will sink deeper in spirits of wine 


than 3 in water; and the part of it which sinks below 


the surface of the spirits will be to the part which 
sinks below the surface of the water, as the specific 
gravity of the picks is to that of the water when 
they are inverted; that is, as the specific gravity of 
the water is to that of the spirits. The part which 
sinks below the surface in the spirits, is the bulk of 


as much spirits as is equal in weight to the whole 
cork; and the part which sinks below the surface of 
the water, is the bulk of as much water as is equal 
in weight to the same cork. These parts are, 
therefore, to each other as the bulks of equal weights 


of spirits and water; but these bulks, and conse- 
quently the parts of the cork that sink below the 


surface, are inversely as the specific en of * 


rits and water. 


Hence we can STI the Specific gravity of 


different Solids, by plunging them in the same fluid; 
so we can discover the specific gravity of different | 
fluids, by plunging the same solid body into them; 
for, in proportion as the fluid is light, so much will 
it diminish the weight of the body weighed in it. 
Thus we know that spirit of wine has less specific 
gravity than water, because a solid that will swim in 


water, will sink in spirits of wine. The stronger any 


fluid is, the greater will be its resistance to any solid 
immersed; wort and spirit of nitre have greater spe- 
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cific gravity oj water; I a solid that will sink in 


water, will swim in wort and spirit of nitre. 

The method of comparing fluids with each other 
by means of the hydrometer or aerometer, depends 
on this principle. Before I enter into a minute 
explanation of the hydrometer and its uses, I shall 
shew you one or two pleasing experiments with 
fluids of different weights, Here is a glass vessel 
which is divided into two parts, communicating with 
each other by a small opening; fill the lower part 
with red wine, and then pour water gently into the 
upper -part. As the red wine is lighter than water, 
you will soon see it rising like a small thread up 
through the water, and diffusing itself upon the sur- 
face; it has continued doing so till the wine and 
water have changed their places; the water is in the 
lower half, and the wine in the upper half of the 
vessel. | 

Here i is a small bottle, Whose neck is long, and 
not more than the one-sixth of an inch in width; 
I fill the bottle with red wine, and then place it in 
this glass vessel full of water, which is between two 


or three inches higher than the bottle; the wine, 


ou see, begins to come out of the bottle, and rises 
in the form of a small column to the surface of the 
water, while the water enters the bottle and supplies 
the place of the wine; the weight of the water car- 
ries it down, and forces. up the wine. You may 


alter this experiment by filling the bottle with water 
and the vessel with wine, and then placing the bottle 
inverted in the vessel, the water will descend to the 


bottom of the vessel, and the wine wal: s mount wy 
Into the bottle. 


The hydrometer, dots 2; hs. 19, is one of the 


most useful philosophical instruments; for, though 
the hydrostatic ballance be the most general instru- 
ment for finding the specific ie of all sorts of 


— 
* 
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water, and the surface thereof is one-tenth of an 

inch below the middle point, it is evident that the 

same weight of each water differs in bulk only by the 
eee of one-tenth of an inch in the stem. 

Now suppose, for ease in calculation, the stem 
were ten inches long, and weighed 100 grains, then 
every tenth of an inch would be one grain weight; 
and since the stem is of brass, and brass is about 
eight times heavier than water, the same bulk of 
water will be equal to one-eighth of a grain, and 
consequently-to one-eighth of xv part of the whole, 
that is, a 320,000 part of the whole bulk. 2 

A variety of bydrometers have been constructed of 
late, for the purpose of ascertaining the strength of 

pPpirits and wort; but as government, to ayoid dis- 
putes, has been under the necessity of passing an act 
to constitute Clarks 8 hydrometer (for. a short De) 
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= substances, yet the hydrometer i 18 better to discover 
F | with ease and expedition those of fluids. It consists 
er of four parts, 1, A ball of metal, ivory, or glass. 
ds 2. A tail and weight to poise the instrument, that a | 
te certain part of the instrument may be always down- | 
lt most in the liquor. 3. A long stem arising from | 
h the opposite and upper part of the instrument. 4. A | 
el Shoulder on the upper part of this instrument, for f 
h occasionally placing of weights to cause the instru- " 
t ment to sink so far that the surface of the fluid may 17 
e in” cut the stem at a particular point. 1 
5 When this instrument is swimming in the fluid, 7 
D the part of the fluid displaced by it, will be equal in. 11. 
. bulk to the part of the instrument under water, and vil 
1 equal in weight to the whole instrument. 4. 
> Suppose the weight of the whole to be 4000 ) grains, 11 
> and it is evident you can by this instrument compare We 
| together the different bulks of 4000 grains of yarious 15 
- fluids: for instance, if the weight at bottom be such 1 
| as shall cause the hydrometer to sink in rain water, i 
| ill its surface came to the middle point of the stem; 10 
ö and if, after this, it be immersed in common spring i 
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the only legal one, it will be unnecessary to 


to you the various constructions that have been made, 


as they are by this means rendered of little use; 
nd as the subject has been taken up by men of the 
first abilities, no doubt some instrument will be con- 


trived that will answer the purposes of government 


for regulating the revenue, and at the same time to 
accommodate the public. Mr. Ramsden, in an ex- 
cellent paper on this subject, has shewn, that to 
answer these valuable een four een must 


be well ascertained. 


1. A method of proportioning and eiiprenelad i in 
measares the quantities of spirits in COPE and 
of determining their specific gravities. 


2. A means of ascertaining the increase or dimi- 


nution in the bulk of a given compound "Oy from 
different degrees of temperature. 


3. The application of the experiments under the 


two preceding heads to the construction of an hy- 


drometer, which shall give the specific gravity of 
any compound in thousandth parts of that of dis- 
tilled water; and at the same time the quantity of 
spirits of a given strength in the compound in hun- 


dredth parts of the volume. 
4. A method to determine the proportion of spirits 


to water in the compound, now called proof, which 
the commissioners of the customs have stated to 


weigh seven pounds twelve ounces per gallon, at the 
temperature of 55 degrees; for which purpose it is 


necessary to have an cn gallon measure.“ 
From hence you may see, that the determining 


the specific gravities guide, in order thereby to 


obtain the enen of iind Bae is a very 


3 Quin's construction of the gs with only three: de 


and a sliding rule, is now very generally Bs distillers, 


brewers, &c. Epirt. 


Ramsden's Account of Ex riments to dete ine the 5 ific 
0 0 of Fluids. pe ri 8 


De Luc on Pyrometry, Aerometry, c. Philos. Trans. 
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om complicated problem. M. de Luc has shewn, chat 


Wen an hydrometer is employed, there are three 


sical effects, the degrees o which are not 


portiotiate to their apparent causes, and which are 


united in one effect, namely, the different sinking 


of the hydrometer. 


1. It will not always sink in liquors of different 
Kentities' Wee to these densities, on ac- 
count of the changes of its own bulk by heat, and 
the possible irregularities of its branch. 2. It will 
not sink in proportion to the changes of temperature 
of the fluid, because the changes of density in the 
latter do not follow the same law as the changes of 
temperature. 3. It will not sink exactly in the in- 
verse ratio of the quantities of phlegm, because the 
specific gravity of the fluid does not follow the pro- 
portion of these quantities. It has an increasing 
progression, and here the intermediate cause of this 
disproportion, which is evident, may give you an 
idea of what takes place in nature, and hinders phy- 
sical effects from appearing proportional to their 
causes. 

The spirit and the phlegm penetrate each other; 


thue is to say, the bulk of the mixture is Somewhat less 


than the sum of the two bulks before the mixture; and 
thus the specific gravity, which is the weight under 
a certain bulk, increases but little in the mixture 
comparatively with the mean specific gravity of the 
component parts. 

In order, therefore, to have equal degrees in the 
hydrometer, without sensible error in the spirituosity 


that it is intended to measure, you must fix these 


degrees by the comparison of effects observed within 
the limits of the common observations. 
For as to physical joint effects, if you cannot fix 
alt their relations, degree by degree, by immediate 
and sure observations, you must avoid deducing 
general rules from relations taken in the extremes. 
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Whether from the variety, of ,subjeats on, which they 
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act, or from secondary causes which escape pur at- 
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h 0 ; as/ . wel Y moral ; 38 physical, 


tention, is too complicated for the, bsgrvable mo- 


difications to increase in the exact proportion of the 


evident causes, and consequently fox, the joint effects 


to be proportionate between themselves. If the joint 
effects, are proportionate, there Will, be little lost in 
not taking distant points of compariso, if they are 
taken exactly. If these joint effects are proportio- 
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nate, there will be much gain; and the less propor- 


tionate they are, the greater will be the gain. 

| th probability in 
nature in so many, respects, that it is perhaps of 
more importance to us to investigate the physical 
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We are obliged to take up, with 
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rules of probability, than to attend to its mathema- 


tical rules upon hypothesis. 
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OF A PHENOMENON NOT TO BE:ACCOQUNTED pon 
ON THE GENERAL DOCTRENE 1 OP SPECIFIC 
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Bodies of the greatest known specific, gravity, 
when divided into very minute parts by the menstrua 
in which they are dissolved, will remain suspended 


therein for any length of time; thus aqua regia, or 


even ether, holds suspended N of the most 
ponderous of all metals, gold. Some mathemati- 
cians endeavour to account for this part of the phe- 
nomenon; but there is another difficulty, which 
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will not bend to theory. It does not ollow from 


any established principles, how a body, divided; into 


parts, however minute, can possibly ascend in a 


fluid specifically lighter than, itself; whereas it is 
well known, that in some solutions, when the solid 
to be dissolved is placed at the bottom of a vessel 
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into which the Sicolving fluid is poured, the parts 
of the solid during the solution, without any motion 
whatever being communicated to the vessel, will be 
diffused throughout the substance of the dissolving 
fluid, appearing to overcome the natural tendency of 


| bodies towards the center of the earth, and to have 


some new power of ascent ee upon its par- 
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DIFFERENT METHODS OF” ASCERTAINING THE 
| SPECIFIC GRAVITY OF FLUIDS. 


* 


The specific gravities of water and any other fluid, 


5 may be compared together by the following process: 


weigh very accurately an ounce or other weight of 
distilled water in a cylindrical glass phial, and mark 
precisely the space occupied by it; then pour in any 
other fluid till it fill exactly the same space with the 


water, and weighing it you will know the weights of 


equal magnitudes of the water and the other fluid, 
and their specific gravities. [ 

The magnitude of a body, —_ regular, may 
be found by immersing it in a cylindrical vessel of 
water, and marking how far the fluid rises; for the 
space contained between the surfaces of the water 
before and after the immersion of the body, is equal 
to its magnitude; and this, together with its weight, 
being known, its specific gravity is also known. * » 

The capacity of any irregular, vessel may be known 
by filling it with water; for the water being weighed, 
its magnitude, or the number of cubical inches 
contained in it, will be found. | . 

Let the e be filled with water, a let the 
weight of the water be A ounces; then make the 
following proportion, gs 52740 to A, so is 1 to the 
capacity of the vessel expressed in cubic inches; this 
will be facilitated by the following table, 
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445.88 the number of 


| cubic inches contained in the vessel. = - 
IlH avoirdupois ounces are used in weighing the £0 
water, the numbers may be taken from the above 8 
table, but the resulting number must be multiplied 8 
into 91145, to give the true number of cubic inches 13 
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This table exhibits the Specific weights: of the 
various substances contained in it, discovered by 


some of the methods already described; and the 


absolute weight of a cubic foot of each body 3 is as- 


certained in avoirdupois ounces by multiplying the 


number opposite to it into 1000; as for e 
S. g. of water: S. g. of mercury :: 1 : 14.019 : 

1000 oz.: wt. of a cubical foot of mercury, which is. 
therefore equal to 1000 X 14.109 avoirdupois ounces. 
There are some uncertainties in this subject, for. 
substances of the same kind, though denaminated 
by the same name, may not be precisely similar, and 
some small errors may perhaps be inevitable in phy- 
sical experiments; but they will be inconsiderable if 
the scales be nicely adjusted, and the experiments 
cautiously conducted, so that the body weighed do 


not touch the n or sides of the vessel, nor rise · 


above the surface of the fluid, nor bubbles of air 


adhere to its surface. There is another cause of 
uncertainty, for most substances are dilated by heat 
and contracted by cold, and the dimensions of the 


same body, and consequently its specific gravity, are 
different according to the different temperatures of 
the ambient air; and the altitude of the thermome- 
ter ought to be-: considered in constructing a table of 
specific gravities. The different expansion of bodies 


in summer and winter, and consequently their dif- 


ferent specific gravities, appear from the experiments 
of Homberg, and Eisenschmedites, in his Disquisitio 


nova de Ponderibus, &c. from the latter of whom 


the following table, exhibiting the weight of a cu- 


bical inch, Paris matnune, of different substances, 5 


taken. at wide e ee 
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It appears from lil table, that the expansions of 
different fluids are different in the same changes of 
the temperature of the air; and it appears from ob- 
servation, that substances, not fluid, are also in 
similar circumstances differently dilated; but the 
weight of given magnitudes, both of fluid and firm 


bodies, being diminished by heat, 1 4 increased by 
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cold, the varlation of their specific gravities is less 
chan if the dimensions of one of them only had been 


variable E. af > 
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The romances of almost every nation have re- 


corded instances of persons being carried through 


the air, both by the agency of spirits, and by me- 
chanical inventions; but till the time of the cele- 
brated Lord Bacon, no rational principle appears 
ever to have been thought of by which this might 


be accomplished. Before that time, indeed, Friar 
Bacon had written upon the subject, and many had 
been of opinion, that, by means of artificial wings 


fixed to the arms or legs, a man might fly as well 


as a bird: but these opinions were thoroughly re- 


futed by Borelli, in his treatise De Motu Animalium, 
where, from a comparison between the powers of 


the muscles which move the wings of a bird, and 


those which move the arms of a man, he demon- 


strates, that the latter are utterly insufficient to 
strike the air with such force as to raise him from 


the ground. It cannot be denied, however, that 
wings of this kind, if properly constructed and 
dextrously managed, might be sufficient to break 


the fall of a human body from an high place, so 


that some adventurers in this way might possibly 


come off with safety; though by far the greatest 


number of those who have rashly adopted such 
schemes, have either lost their lives or limbs in the 
„ oo Te 7 BE REID 107 Fe 

In the year 1672, Bishop Wilkins published a 
treatise, entitled, The Discovery of the New World, 


in which he mentions, though in a very indistinet 
and confused manner, the true principle on which 


the air is navigable; quoting from Albertus de Sax- 
onja and Francis Mendoca, © that the air is in some 
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part of it navigable; and, upon this statie principle, | 


any brass or iron vessel, suppose a kettle, whose 
substance is much heavier than that of water, yet 
being filled with the lighter air, it will swim upon it 


and not sink. So, suppose a cup or wooden vessel 
upon the outward borders of this elementary air, 


the capacity of it being filled with fire, or rather 


| etherial air, it must necessarily, upon the same 
ground, remain swimming there, and of itself can 
no more fall than an empty ship can sink.“ This 
idea, however, he did not by any means pursue, but 
rested his hopes entirely upon mechanical motions, to 


be accomplished by the mere strength of a man, or 
by springs, &c. and which have been demonstrated | 


incapable of answering any useful purpose. 
I be only person who brought this scheme of 
flying to any rational principle, was the jesuit 
Francis Lang, cotemporary with Bisbop Willing; he 
being acquainted with the real weight of the at- 
mosphere, justly concluded, that if a globular vessel 
was exhausted of air, it would weigh less than be- 


fore; and contidenad.; that the solid contents of ves- 


sels increase in much greater proportion than their 
surfaces; he supposed, that a metalline vessel might 
be made so large, that when emptied of its air, it 
would be able, not only to raise itself in the atmos- 
| phere, but to carry up passengers along with it; and 

e made a number of calculations necessary for put- 
ting the project in execution. But though the theory 
was here unexceptionable, the means proposed were 


certainly insufficient to accomplish the end; for a 


vessel of copper, made so thin as was necessary to 
make it float in the atmosphere, would be utterly 
unable to resist the external pressure, which being 
demonstrated by those skilled in mechanics, no at- 
tempt was made on that principle. 


In the year 1766, Mr. Henry. Coveadich. ascer- 


tained the weight and other proper! ties of inflam- 
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mable air, determining it to be at least seven times 
lighter than common air. Soon after which it 
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curred to Dr. Black, that perhaps a thin bag, filled 


with inflammable air, might be buoyed up by the 
common atmosphere, and he thought of having 
the allantois of a calf prepared for this purpose; 
but; his other avocations prevented him from pro- 


secuting the experiment. The same thought oc- 


curred some years afterwards to Mr. Cavallo; and 


he has the honour of being the first who made ex- 


periments on the subject. He first tried bladders; 
but the thinnest of these, however well scraped and 
prepared, were found too heavy. He then tried Chi- 
nese paper; but that proved so permeable, that the 
vapour passed through it like water through a sieve. 
His experiments, therefore, made in the year 1782, 
proceeded no fartheg than blowing up soap-bubbles 
with inflammable ah 

cieling, and broke against it. 
But while the discovery of the art of aerostation 
seemęd thus on the point of being made in Britain, 


it was all at once announced in France, and that 


from a quarter whence nothing of the kind was to 
have been expected. Two brothers, Stephen and 
John Montgolfier, natives of Annonay, and masters 
of a considerable paper manufactory there, had 


turned their thoughts towards this project as early 


as the middle of the year 1782. The idea was first 
suggested by the natural ascent of the smoke and 


clouds in the atmosphere; and their design was to 


form an artificial cloud, by inclosing the smoke in 


a bag, and making it carry up the covering along. 


with it. 


Towards the middle of November, that year, 


the experiment was made at Avignon, with a fine 
silk bag, of a parallelopiped shape. By applying 


burning paper. to. the lower aperture, the air was 


rarefied, and the bag ascended in the atmosphere, 


with ascended rapidly to the 
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and struck rapidly against the cieling. On repeating 


OF A IR B AT, LOO Ns, 


the experiment in the open air, it rose to the height 
of about veventy feet, ID 
Soon after this one of the brothers arrived at Paris, 


where he was invited by the Academy of Sciences to 


repeat his experiments at their expense. In con- 


sequence of this invitation, he constructed, in a 
garden in the Fauxbourg of St. Germain, a large 


balloon of an elliptical form. In a preliminary ex- 
periment, this machine lifted up from the ground 


eight persons who held it; and would have carried 
them all off, if more had not quickly come to their 
assistance. Next day the experiment was repeated 


in the presence of the members of the Academy: 
the machine was filled by the combustion of fifty 
pounds of straw, made up in small bundles, upon 
which twelve pounds of ch wool were thrown 


at intervals. The usual Wecess attended this ex- 


| hibition; the machine soon swelled, endeavoured 


to ascend, and immediately after sustained itself in 
the air, together with the charge of between four 
and five hundred weight. It was evident, that it 


would have ascended to a very great hight; but as . 


it was designed to repeat the experiment before the 
king and royal family at Versailles, the cords by 
which it was tied down were not cut: but, in con- 
sequence of a violent rain and wind, which hap- 
pened at this time, the machine was so far damaged, 
that it became necessary to prepare a new one for 
the time that it had been determined to honour the 


experiment with the royal presence; and such expe- 
dition was used, that this vast machine of near 


sixty feet in height, and forty-three in diameter, 


was made, painted with water- colours both within 


and without, and finely decorated, in no more than 


four days and four nights. Along with this machine 


was sent a wicker cage, containing a sheep, a cock, 


and a duck; which were the first animals ever sent 
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through the atmosphere. The full success of the 


experiment was prevented hy a violent gust of wind, 


which tore the cloth in two places, near the top, 


before it ascended; however, it rose to the height 


of 1440 feet; and, after remaining in the air about 


eight minutes, fell to the ground at the distance of 
10,200 feet from the place of its setting out. The 
animals were not in the least hurt. The great power 
of these acrostatic machines, and their very gradual de- 


scent in falling to the ground, had originally shewed, 


that they were capable of transporting people through 
the air with all imaginable safety; and this was fur- 
ther confirmed by the experiment already mentioned. 
As Mr. Montgolfier, therefore, proposed to make a 
new aerostatic machine, of a firmer and better con- 
struction than the former, Mr. Pilatre de Rozier of- 
fered himself to be the first aerial adventure. 

On the 21st of November, 1783, therefore, 
Mr. Pilatre determined to undertake an aerial voy- 
age, in which the machine should be fully set at 
liberty. Every thing being got in readiness, the 
balloon was filled in a few minutes; and Mr. Pilatre 
placed himself in the gallery, counterpoised by the 
Marquis 4 Arlandes, who occupied the other side. 
It was intended to make some preliminary expe- . 
riments on the ascending power of the machine: 

but the violence of the wind prevented this from 
being done, and even damaged the balloon essen- 
tially; so that it would have been entirely destroyed, 
had not timely assistance been given. The extra- 
ordinary exertions of the workmen, however, re- 
paired 1t again in two hours, and the adventurers: 
set out. They met with no inconvenience during 


the voyage, which lasted about twenty-five minutes; 


during which time they had passed over a space of 
about five miles. J ire Ley Rt 

From the account given by the Marquis d' Ar- 
landes, it appears, that they met with several dif- 
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| ferent currents of air; the effect of which was, to 


give a very sensible shock to the machine, and the 
direction of the motion seemed to be from the upper 
part downwards. It appears also, that they were in 
some danger of having the balloon burnt altogether, 
as the Marquis observed several round holes made by 
the fire in the lower part of it, which alarmed him 
considerably, and indeed not without reason. . How- 
ever, the progress of the fire was easily stopped by 
the application of a wet spunge, and all appearance 
of danger ceased in a very short tine. 

This voyage of Mr. Pilatre and the Marquis 
d Arlandes may be said to conclude the bistory of 
those acrostatic machines which are elevated by 


means of fire; for though many other attempts 


have been made upon the same principle, most of 


them have either proved unsuccessful, or were of 


little consequence. They have therefore given place 
to the other kind, filled with inflammable air; which, 
by reason of its smaller. specific gravity, is both more 
manageable, and capable of performing voyages of 
greater length, as it does not rogue i be supplied 
with fuel, like the others. 

The success of this experiment, and aerial voyage, 
made by Messrs. Rogier arid d' Arlandes, naturally 


| suggested the idea of undertaking something of the 


same kind, with a balloon filled with inflammable 
5 hus there are two kinds of air balloons; one 
containing heated air, and the other inflammable ; air, 
Hot air occupies a much greater space than cold air; 


inflammable air, at a given temperature, is much 


lighter than the common air of the atmosphere. 
The machine used on this, occasion was formed of 
gores of silk, covered over with a varnish made of 


caouthouc, . of a spherical figure, and mee 
twenty-seven and an half feet in diameter, net 


Was spread over the upper hemisphere, and was 
fastened to a HOOP, which passed round the middle 
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of the bald: To this a sort of car, or rather bo it, 


_ culties in filling the machine with inflammable air, 


ratus; but at last, all obstacles being removed, the 


twenty pounds; so that the whole difference be- 


there remains 147 for the weight of the latter; and 
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was suspended by ropes, in such a mariner as to Tang i 
a few feet below the lower part of the balloon; and; : 


in order to prevent the bursting of the machine, a 


valye was placed in it; by opening of which some 
of the inflammable air might be occeasionally let out. 
A long silken pipe communicated with the balloon; 
means of which it was filled: The boat was 
made of basket-work, covered with painted linen, 
and beautifully ornamented; being eight feet long, 
four broad, and three and half deep; its weight 
an hundred and thirty pounds. At this time, how- 
ever, as at the former, they met with great diffi- : 


owing to their ignorance of the most proper 8 


two adventurers took their seats at three quarters of 

an hour after one in the afternoon of the Ist of De- 
cember, 1783. Persons skilled in mathematics were 
conveniently stationed, with proper instruments, to 
calculate the height, velocity, &. of the balloon. 
The'weight of the whole apparatus, including that” 

of the two adventurers, was found to be 6045 pounds; 

and the power of ascent, when they set out, was. 


twixt the weight of this balloon, and-an equal bulk 
of common' air, was 624 pounds: 'but the weight 
of common atmosphere, displaced by the inffam- 
mable gas, was calculated to be 771 pounds, so that 


this calculation e it only? five times lighter than 
common air. | 

At the time the balloon left the rope; the they | 
mometer stood at 9* Fahrenheit's scale, and the 
quicksilver in the barometer at 30.18 inches; and * 
by means of the power of ascent with which they 
left the ground, the balloon rose till the mercury 
fell to " Inches, from which they: calculated ow 
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height to be about 600 yards. By throwing out 
ballast occasionally, as they found the machine 


descending by the escape of some of the inflam- 


mable air, they found it practicable to keep it pretty 
near the same distance from the earth during. the 
rest of their voyage; the quicksilver fluctuating 


between 27 and 27.65 inches, and the thermometer 


between 537 and 27 the whole time. They con- 
tinued in the air for the space of an hour and three 


quarters, when | they alighted at the distance of 


twenty-seven miles from Paris; having suffered no 
inconvenience during their voyage, nor experienced 


any contrary currents of air, as had been felt by 
Messrs. Pilatre and d. Arlandes. As the balloon still 
retained a great quantity of inflammable gas, Mr. 


Charles determined to take another voyage by him- 
self. Mr. Roberts accordingly got out of the boat, 


which was thus lightened by 130 pounds, and of 
consequence the aerostatic machine had now nearly 
as much power of ascent. Thus he was carried up 
with such velocity, that in twenty minutes he was 


almost 9000 fect high, and entirely out of sight of 
terrestrial objects. At the moment of his parting 


with the ground, the globe had been rather flaccid; 
but it soon began to swell, and the inflammable air 
escaped from it in great quantity through the silken 


tubes. He also frequently drew the valve, that it 
might be more freely emitted, and the balloon more 


effectually prevented from bursting. The inflam- 


mable gas being considerably warmer than the ex- 


ternal air, diffused itself all round, and was felt like 

a warm atmosphere; but in ten minutes the ther- 
mometer indicated a variation of temperature as 
great as that between the warmth of spring and the 


ordinary cold of winter, His fingers were benumbed 
by the cold, and he felt a violent pain in his right 


ear and jaw, which he ascribed to the dilation of 
the air in those organs, as well as the external 


or 41 3411008. 


d The. beauty of the prospect which be, now 
enjoyed, however, made amends for these incon- 


veniences. At his departure the sun was set on 


the vallies; but the height to which Mr. Charles 
was got in the atmosphere rendered him again vi- 


sible, though only for a short time. He saw, for 


a few seconds, vapours rising from the vallies and 


rivers. The clouds seemed to ascend from the 
earth, and collect one upon the other, still pre- 


serving their usual form; only their colour was 
grey and monotonous, for want of sufficient light 
in the atmosphere. By the light of the moon, he 
perceived that the machine was turning round with 
him in the air; and he observed, that there. were 
contrary currents, which brought him back again. 
He observed also, with surprise, the effects. of the 


wind, and that the streamers of his banners pointed 
upward; which, he says, could not be the effect 
either of his ascent or descent, as he was moving 


horizontally. at the time. At last, recollecting his 
promise of returning to his friends in balf an hour, 
he pulled the valve, and accelerated his descent. 


When within two hundred feet of the earth, he 


threw out two or three pounds of ballast, which ren- 
dered the balloon again stationary; but in a little 


time afterwards he gently alighted in a field, about 


three miles distance from the place whenee he set 


out; though by making allowance for all the turn- 
"ings and windings of the voyage, he supposes that 


he had gone through nine miles at least. By the 
calculations of Mr. de Maunier, he rose at this time 
not less than 10,500 feet high; a height somewhat 
greater than that of Mount Etna. A small balloon, 


which had been sent off before the two brothers set 


out on their voyage, took a direction opposite to that 


ol the large one, having met with an opposite cur- 


went of air, Probably '« at a ge Wo A. 
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k. wont ts tedi bus, "Wi It as nticorblary; to 
recount alk the Ker delta voyages that Farb Been 
performed in our own or other countries: it appears 


sufficieht for the purpose of this article, t6 notice 


those Which were most remarkable and interesting 


and therefore an /actcouitt of the ingetitons Mr. Bald- 


ails excursion from Cheæster, alluded tO WWE, bal! 
now close our enumeration. * eig 90 


On the sth of September, 1785, at ety "I 


— — rope one, P. M. Mr. Baldwin ascended from 
C in Mr. Lunardi's air balloon. After tra- 
8 in a variety of different directions; he first 
alighted,”at twenty-eight minutes after three; about 
twelve miles from Chester; in the neighbourhood of 


Frodsbam; then relascending, , and pursving his ex- 


cursion, He finally landed at Niaton Moss, five miles 
N. N. E. of War ugtön, and twenty-five miles from 
Chester. Mr. Buldet- Das published his obgerva- 
tions and remarks made during his voyage; and taken 
from minutes Our limits will not admit of relating 
muny of his Observations; but the few following are 
the most important and curious. * The sensation 
of ascending is compared to that of a strong pres- 
sure, from the bottom of the car upwärds, against 
the soles of his feet. At the distance of what ap- 
peared to him seven miles from the earth, though 
by the barometer scarcely a mile and a half, he had 
a grand and most enchanting view of the city of 
Chester, and the adjacent places below. The river 
Dee appeared of a red colour, the city very diminu- 
tive, and the town entirely blue. The whole ap- 
peared a perfect plane; the highest building having 
no apparent Height, but reduced all to the same 
level; and the whole terrestrial prospect appeared 


like a coloured map. Just-: after his first uscent, being 


in a well-watered and maritime part of the country, 
he observed a remarkable and regular tendency of 
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5 the n towards the sea; but shortly after rieing 
n into another current of air he escaped the danger. 
"7 This upper current, he says, was visible to him at 
TS the time of his ascent, by a lofty, sound stratum of 
1 clouds, flying in a safe rection. The perspective 
3 appearance of things to him was very remarkable. 
1 The lowest bed of vapour, that first appeared 1 
111 cloud, Was pure white, in detached fleeces, increas- 
- WW ing as. they rose: they presently coalesced, and 
n | formed, as be expresses it, a sea of cotton, tufting 


here and there by the action of the air in the undis- 
turbed parts of the clouds. The whole became an 
Kul b white floor of cloud, the upper surface 
being smooth and even. Above this white floor he 
observed, at great and unequal distances, a vast as- 
semblage of thunder-clouds, each parcel consisting 
of whole acres in the densest form: he compares 
their form and appearance to the smoke of pieces of 
ordnance, which had consolidated, as it were, into 
masses of snow, and penetrated through the upper 
| surface, or white floor of common clouds, there re- a 
maining visible, and at rest. Some clouds had mo- 
tions in slor and various directions, forming an aps | 
pearance truly stupendous and majestic.” . 
Mr. Baldwm also gives a curious description of 
his tracing the shadow of the balloan over the tops 
of volumes of clouds. At first it was small, in'size _ 
and sbape like an egg, but soon increased 4-06 © 
magnitude of the sun's disc, still growing larger, 
and attended with the most captivating appearance 
of an iris encircling the whole shadow, at some dis- 
tance round it, the colours of which were remark- 
ably brilliant. The region did not feel colder, but 
rather warmer, than below: the sun was hottest to 
him when the balloon was statiohary. The discharge 
of a cannon, when the balloon. was at a . 0 5 
height, was distinctly heard by the aeronaut; and a 
discharge from the same piece, when, at the : hetglk 
VOL, 111. heel» 
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of thirty yards, 80 0 Wien tim! 68 t6 olige bit 
for safety to ly Dold firmly of the cords of the bal- 
leon. At a considerable height he poured” down a 
pint bottle full of water; and as the air did not · op- 
pose a resistance sufficient to break the stream into 
small drops, it mostly fell down in large drops. In 
the Course of the balloon's tract, it was found much 
affected by the water; a circumstance observed in 
former aerial voyages. At one time the direction of 
the balloon kept continually over the water, going 
3 towards the sea, 89 much as to endanger the 
aeronaut. The mouth of the balloon was opened, 
and he in two minutes descended into an under. cur- 
rent, blowing from the sea: he kept descending, and 
landed at Bellair Farm, in Rinsley, twelve miles 
from Chester. Here he lightened his car by thirty- 
one pounds; and instantly reascending, wh Carried 
into the interior part of the country, pertertming 4 
number of different manœuvres. 
At his greatest altitude he found bis res piration 
78 and easy. Seyeral bladders which he ball along 
with him cracked, and expanded very considerably. 
Clouds and land, as before, appeared on the same 
level. By way of experiment, he tried the e 
valve two or three times, the neck of the balloon 
being close; and remarked; that the escape of the 
Las was attended with a grovling noise, like raill- 
stones, but not near so loud. Again, round the 
shadow of the Balloon on the elvis. he observed the 
irs; and ar -Aﬀty-tliite minutes 12213 three he finally 
lan ded. N 11 
The W principles of 2 aerostation are 80 little 
digerent from 880 of hydrostatics, that it may seem 
superfluous to insist much upon them. It is a fact 
univewally kr dei that when a body is irnmersed in 
any ft bd if its weight. be less than an equal bulk of 
that fluid, F WH Fa 56 to the surface; but, x lent 
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beit uk; and if eq aal, it will holly by as 
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which is colder. The ascent of the latter is shewn 


in a very easy and satisfactory manner, by bringing 
a red-hot iron under one of the scales of a ballance, 
by which the lattef is instantly made to ascend; Gr, 8 
as son as the red-hot iron is brought und- 
the hot air being lighter than that which is oolder, 
ascends, and strikes the bottom, which is thus i im- 


r the Scale, 


. upwards; and the opposite ae descends, as 


if a weight had been put into it. | F2 
- Upon this simple principle depends the whole 
theory of poopie ef for it is the same thing w : 
ther we render the air lighter by introducing a quan-, 


ülty of heat into it, or inclosing a quantity of gas 
specifically lighter than the common atmosphere 
in a certain space; both will ascend, and for the 


same reason. A cubic foot of air, by the most ac- 


curate experiments, has been found to weigh about 


554 grains, and to be expanded. by every degree of ? 
heat, marked on PFahrenheit's thermometer, F bod 


its of the whole. © By heating a quantity of Air, 


5 therefore, to 200 degrees of Fahrenheit, you will 
just double its bulk when the thermometer Stands 
at 54 in the open air, and in the same proportion 


you will diminish its wei ght; and if such a quantity 
of this hot air be Tan in a bag, that the excess 


| of 'the weight of an equal bulk of common air 
weighs more than the bag with the air contained 
in it, both the bag and air will rise into the at- 


ere, ahd continue to do 0 till they arrive at 


8 place where the external air is naturally so much 
rarefied that the weight becomes equal; and Tae the 5 


l 


whole will float. vim 
The power of hot air in iin K Wii or rather 


hat! by Which it is itself impellen upwards, may be N 
5 hewn in the following manner. Roll 4 been 5 


* 


. 2 it is left. For this reagonn, Smoke” a8. 
Teds into the atmosphere, and heated" air into that | 
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"£0 by - chiefly to be dreaded, -will be in a great measure 
1 On this subject it may be remarked, that 


. of paper i. in a eonionl form 
into it n. 45 
Fasten it then, by its apex, under one of the scales 
of a ballance, b 
properly counterpoised it by weights put into the 
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ar. the, apex, Prevend it from Unrolling. 


5 means of a thread; and having 
opposite scale, apply the flame of a candle under- 


neath, you will instantly perceive the cone to rise; 
and it will not be brought into equilibrium with the 
other, but by a much * weight than those who 
iment would believe. If 
you try this experiment with more accuracy, by 


have never seen the 


getting proper receptacles. made, which: contain de- 


terminate quantities of air, you will find, that the 


pacity of the bag which contains it, than could well 
be supposed. Thus, let a cubical. receptacle. * 
made 1 a small wooden frame, covered with 


power of the heat depends much more on the ca- 


capable of containing one foot. of air; and let ha 
power of a candle be tried with this, as above di- 


reocted for the paper cone. It will then be found, 
that a certain weight may be raised; but a much 
greater one will be raised by having a receptacle of 
the same kind, which contains two cubic feet, a 


still greater by one of three feet, a a yet greater by 
one of four feet, &c. and this even though the 


very same candle be made use of; nor is it known to 


what extent even the power of this den fame: might 
be carried. | 


From these 3 it appears, that in the 


aerostatic machines, constructed on "Montgolfier” 8 


plan, it must be an advantage to have them as large 


as possible, because a smaller quantity of. fire will then 


x have a greater effect in raising them, and the danger 
from that element, which! in "his kind of L. ee is 


as the cubical contents of a globe, or any other 
Us of which balloons 3 are e increase n 
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e yeh ly than their surfaces, there mbet ulti⸗ 


enately be u degree of magnitude at which the smallest 


aginable heat would raise "any weight whatever, 


Thus, eupposing any derostatic machine, capable er 


containing 500 Seu feet) and the air within it 


to be only one degree hotter. than the external at- 


mosphere, "the" tendency of this machine to rise, 


be near an ounce. / Let its capacity be inereaged 
sixteen times; and the tendeney to rise will be eq 


valent to a pound; though this may be done with? 


out making the machine * times heavier than 


before. It is certain, however, that all aerostatie 

machines have à tendency to produce, or preserve, 

heat within them; which would by no means be 
have not made the experi- 


imagined by tk 8 who! have 
ment. When Messrs.: Charles and Roberts made 
their longest aerial voyage; of 150 miles, they had 
the cutiosity to try the temperature of the air vi hin 


ahi balloon; in comparison with that of the exter- | 


nal atmosphere; and at this time they found, that 


when the external atmosphere was 63“, the ther- 


mometer within the balloon stood at 104. Such 
a difference of temperature must have giren a ma- 
chine of the magnitude which carried tem a consi- 


derable ascending power, independent of any « other | 
Cause, as it àmounted to forty-one grains on | 


cubic foot; and therefore, in a machine containin 8 


50,0500 such feet, would have been almost two hunt. 
dred pounds. Hence we may easily accoumt for 


What happened at Dijon, and is recorded by Mr. 
Moreau. A balloon, intended to be filled with 


8 inflammable- air, being completed, was, by way of. . 


trial, filled With Fes. 5g air, and in that state ex- 
posed to the atmosphere. Now it was observed, and 
indeed a similar observation had been made before, 
that the air within the balloon was much hotter than 
the circumambient air: the thermometer in the for- 
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even without the application of artificial heat, would = | 
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8 mer stood at 1205 Gberess in the latter, even vhew | 
| the sun hone. upon it, the thermometer stood at 
„ is ahowed. considerable degree of rarefac- 
on erte the balloon; and, consequently, it Was | 
suspected, that by means of this rarefaction; alone, 
expecially if it were to increase a little, the balloon 
might ascend. On the. 30th,of May, about neon, 
the-wind being rather strong, agitated. the balleon 
S, that two men e eee 0 ate ee itz 
3 © ing ; 
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hen being ® very commit le, must have 

_ buf "upon acrostatic machines, and Wall un- 
doubtedly: influence: those filled with 26: evi 

1 air, as well as the.other>kindg:anar; is it unlikely, 

that the short time which many aerial voyagers have 

bDPeen able fa continue in the atmosphere, Ny. h,ẽj, 
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E > been owing to the want of a method of preserving 
| - this internal beat. It may naturally be supposed, ; 
| and indeed it has always been ſound, chat balloons, 


=. Passing through the higher regions of the -atmos- 
pPhbere, acquire a very considerable quantity of mois- 
Baze not only from the rain or snow they sometimes 
_ meet withy but even ſrom tlie dew and vapour which 
eondenses upon them. On this an evaporation will 
instantly take place; and ag it is the property of 
this Operation 0 produce a very violent cold, the 
internal heat of the balloon inusi be soon exhausted 
in such 2 manner as to make it become specifically 
heavier than the common atmosphere, and con- 
2 dexcend in a much shorter time than it 
would have done by the mee loss of air. To this 
M 1 e we are to es the: descent of 
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by remarking, that in two farmer voyages made with 

the same machine, it could not long support two 
men in the atmosphere; so that we had BP ans, 0 
wander at its weakness on this occas 


Many ineffectual attempts have been ps ih to give 


a progressive motion to air balloons. The difficulty 


 ariges from the large surface which the ballogns,cx- 


pose to the resisting medium in which they move; 
the quantity of air to he displaced by the travellers 
part great, that they cannot move it with any d 


the air is 80 great, that their strength will be em- 
ployed in overcoming this, instead of adding to the 


velocity of the machine. The great point is, there, 4 
fore, to form a balloon, of such a figure as will move 


through the air, n Algen an y eres 
quantity thereof. f?: Wy 
a Having log idesd these. obgervatior N 


got gf the romances of almost every nation 


5 this subject with an extract, from. 7 94 
deayouring te 
persuade the prince, that the fields of the. air are 


Rasselas, where weafind 


the artist 


Ae to knowle 


ge, and that only, igneran wa 
need crawl upon iþ8 ground, 118 Bun 45 
r 11 141 15 5 880 OS BCT TVET. 1 09 Ar erna : 
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8 PR the 7th of Laus 785 , actually acrogs I 


to Solve the phenomenon, This e is re 
jected by Mr. rn dend e who- explains. the matter 
QF 


_ gree of velocity; for, supposing them. to. give the 
da law a amal degree of velocity, the resistance of 


; on. ar bl. 
loans, by; observing that the art of penetrating wer OO. 
ang: being carried through the air had beep is; sub. 1 


raetice / of Aerostation b) 7. galnal 8. 
a Mic bol son a eee to wle, vol. 3 is p. 90. „ 
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l oy” ae Was willing to fancy he 
could do «Wing yet resolved to gfquire farther be- 
Ire he suffered hope to afflict Þ 


* 


your imagination prevails over y 
Jou now tell me rather what you wish, „hen what 


have the Vater, yet beasts can Swim by nature, and 


men by art. He that can swim need not despair 


to fly; to swim is to fly in a grosser fluid, and to 
Hy is to swim in a subtiler. We are only to pro- 
portion our power of resistance to the different 
genity' of matter throug h Which you are to 


can renew any inypals + upon it ſaster than. the air can 
Fecede from the pressure 11 {3 r Tr; ee 1 5 


- © But the exercise of swimming, cated; the prince, 


«4k very laborious; the strongest limbs are soon wea- 


ried; 1 am afraid the act of flying will be yet more 
violent; and wings will be of no ue: use unless we 
bon fly further than we can wim 0 


e Ide Mbcuf d ing from: the-groumli! .cakd/the 


a * will. be great; but as we ee higber, the 
earth's attraction and the bod s gravity will be 


gradually diminished, till we shall arrive at a region 


| where a man will float in the air without any ten- 


dency to fall; no care will then be necessary, but to 


move forwards with the gentlest impulse. Yor, 


Sir, whose curiosity is so extensive, will easily con- 


. ceive with what pleasure a philosopher' furnished 


with wings, ,and- hoveripg in the sky, would see the 

earth and all its inhabitants rolling beneath him, 
and presenting to him successively, by its diurnal 
motion, all the countries within the same parallel. 


How must it amuse the pendent . to seethe 


. what Ae tabkbitjer 


5 } im by disappoint- 
ment. Jam afraid,” said he to the artist, that 
our skill, and that 


ou know; every animal has his demeht assigned 
him, the birds have the air, and man and beasts 
the earth.“ 80, replied the mechanist, fishes 


You will be necessarily Upterne by the air, if you 


mbriy scene 


# 
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and lulled by peace! pass over distant regions, and 
examine the face of gature from one pere, the 


S 5 


All this? vai: the. prince; 9 1s much o 45 * 
sired; but 1 am afraid that no man will be able 


to breathe in those regions of speculation. I have 
been told, that respiration is difficult upon lofty 
mountains; yet from these precipices, though so 


high as to produce great tenuity of air, it is very easy 


first flight at my own hazard; but I will work only 
on tbis condition, that the art shall not be divul ed; 
and that you shall e desire me n ” | | 
any but ourselves . * 
Why, said e . al your Aae en 


to fall; therefore, I. suspeet, that from any height | 
vhere life can be Army py there may: be e wr | 


oO quick descent.” | 2 
5 Nothing, reglied the cee © will ever be — 


tempted, if all possible objections must first be oyer- 


come; if you will fayour my project, I will try the 


wings for 


$0 great an Poop aid All skill ought to be exerted. 


for universal good; every man has owed much to 
others, and < 1 0 N Wt en what he _ 


received, . . E 


If men were all virtuous,” glam the artist, 5 
„should with great alacrity teach them all to fly; 5 
but what would be the security of the good, if the 


bad could at pleasure invade them from the sky 


: folling' under them. ous = 


Against an army sailing through the clouds, ee af 


walls, nor mountains, nor seas, could afford any 
security; a flight of northern savages might hover 


in the wind, and light at once with irresistible vio- 


lence upon the capual ys 11 en Meg that was 


of - und; ocean, eien 6 des: tha OB 
to survey, With equal security, the marts of trade? 
and the fields of battle; mountains infested by bars _ 
barians, and fruitful regions gladdened by plenty 
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. or ung DIVING ms 
. Abe z prince promised secrecyi and waited for 


10 the e the cork. waistcoat answers the pur] 
tolerably well; for the latter, the diving bell is a 
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MF 


e performance, not wholly. hapelgss/ of 6uecess; he 


teh the work from tinie te 4ime,.\obgeryed its 
progress, and remarked man 
99 40 facilitate. motion, and unite levity with strength. 


any inge nious contrivances 


Tbeiartist was every day more certain that he should 


leave vultures and eagles behind him, and the con. 
0 0 N. c his confidence seized upon the prince. 


Ina year the wings were finished, and on Aa 
morning appointed, the maker appeared furnished 


| for flight on a little promontory; he waved his p1- 
nions awhile to gather the air, t bis 


hen leap ed from 

stand, and in an instant dropped into the lake: his 
wings, which were of no use in the air, sustained 
bim in the water, and the prince drew ga to Ns | 
ond dead with terror and vexation. bi ifs | 
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of ran DIVING BELT, bis i ee c 


WP r ok be "14 E280 $: 1 e *. 


5 den e the eg power of. . on 
e curſace. of water, or of breathing when at the 


rein methods have been — ih ws 


well-known security. Dr. Halley, in a diving bell 


of his own contrivance, remained fifty. two ſeet deep 


at the 


bottom of the e. gor che ae al n ow 


and an half. 


Tbe divipg bell is an instrument long known and 


3 in usc. That made by Dr. Hailey was in the form 
of a great bell, and was coated with lead so as to 
make it sink in water: it as three feet wide at top, 


five ſeet wide at bottom, and eight feet high. Into 


this great bell the diver entered, and sat upon A 
small seat within-side prepared for that purpose, and 
received light from à strong glass at top. Thus 


prepared, by means of a rope, the bell, the man, and 
All, were let down to Os bottom, i in order to search 


C 


9 rw . \ s 


9 = OM -n 
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goes down many fathoms, only An inconsid T 
quantity of water enters into, or rises im it, so that 
the diver has air enough above such water to breathe 
and live in for some time. Pbis you may illustrate 


air that had been pollut. | : 
below. It was suspended to the mast 66 'a 'obip,. TN 


* 


or un DIVING brut. ">. oo - 


; . fin cords to recks of Ships, and euch ; 
| 125 purposes. i „ eee 


Though the 5 þ is open at the bottom, and 
able 


by an easy experiment; take a glass tumbler; and 


plunge it into water, with the mouth downwards 
and the sides perpendicular to the surface, and 

will find very little water rise in the t Lie 
the air contained ae er which resists ane prevents Ly 


umbler.”. 


the water v rising. e CSE e 
It is in this 3 eee we mpty, or only 


filled with air, that the diver keeps emp hend, and | 


breathes: that air which thus resists the ascending 
water; here he can remain for some time, living 


upon the Condensed air, and at the same e 15. | 


forming what he descended for. 
But, to be more particular in the deset of 


Dr. Halley s bell. In the top was fixed, as before 


mentioned, a strong clear glass to let BY the light 
from above, and likewise a oo mn 
d by re 


80 hoisted over the ship's side as to be let down 


without danger. In this, two or more divers were 
let down to th 
let down to them, to supply them with fresh air, 
which alternately rose and fell like two buckets. "As 
the air from the barrels. was let into the space in the 


bottom, and two barrels of air were 


bell free from water, it entered cold, and expelled 


the hot ain, which had been spoiled, out through the 


cock at the top. By this method air was communi- 


cCated in such plenty, that, the Doctor inſorms us, 
that he was one of five WhO were together at the 
bottom in ten fathom of water, for above an hour Ge 
2 7 and an half at a time, without any sort of ill conse- 
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or THE brei uus. 


| quence; and ks might have continued chere as long 
as he pleased, for any thing that appeared to the 
contrary.» By the glass at the top of the bell! 80 
much light was transmitted when the sun ahone, 
and the sea was undisturbed, that he could see per- 


ſeotly well to read and write, or to find any thing 


ee lay at the bottom ; but, in dark weather, and 


en the sea was rou * he found it as dark as night 
at the doom But then this meonvemence- might 


ied,! by keeping a candle burning in che 


| bell as long as he pleased; for he found by experi- 


ende, that a candle polluted the air by burning, just 


as a man would by respiring, both requiring about 


the same quantity of fresh air for their support, to 


the amount of nearly a gallon in a minute. 


This machine was 80 far improved“ chat one of 
the diyers might be deta 


_ eighty or an hundred yards;: by a E 9 cap pov 
5 par upon his head, with a glass in the fore part for 


im to see through, and a pipe to supply him with 


air, communicating with the great bell; this pipe 


was flexible, coiled round his arm, and served him 


as 4 clue. to find his way back to the bell again. 


Tbe only inconvenience that - Halley complained of 


. was, that: upon their first deroendingy he and his 


companions found à small pain in their ears, as if 
the end of a quill were 'thrust forcibly: through into 
the aperture of the car. One of the divers, however, 


willing to remedy this inconvenience, stuffed his 


ears with chewed paper, which, as the bell des- 
cended, was 80 forcibly pressed into the cavities af 
the organ, that the surgeon could not extract the 


stuthing without great difficulty. H i 


in a Swedish engineer, has made some 
improvements. on this machine since Halley's, time. 
— contrived by him is less than Halley's, and 
7 ehog more easily managed; it is illuminated 
hree oonYex glasses instead of one. It has 


sfr 8 bivixe enEsT. n „ 


been found, that the nearer the diyer's head is to 
the surface of the water in the bell, the better he x 
ea hes, for the air at that place is most comfortable N 
and cool. In Triedwald's bell, the diver's head is 
therefore nearer. the water, hd. when there is a ne- 
cessity for his lifting up his head to the top of the 
bell, he has a flexible pipe in his mouth, with which 
he breathes only the air 80 196; aurfage of the water 


2 10 bottom of the vole: Gia, in 
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or R. SMEATON” s DIVING CHEST, he. 6, plete 2. 


" This machine was uedgwith great success by 
4 Smeaton, at Ramsgate, 
form of a bell, or of a conica "a 


2 chest of cast iron, which being 50 cwt. was 


enough to sink itself; and being 44 feet in 


** t, 48 feet in length, and 3 feet, wide, afforded 
2 sufficient for two men at a time to work under 

It was peculiar to this machine, that the men 
1 55 were supplied with a constant influx- of 
fresh air without any attention of theirs; that neces- 
sary article being amply supplied by a forcing air- 


pump, in a boat upon the water's surface. The 


figure will give you an idea of this machine; only 


in the model from which the drawing was made, the 
sides were of glass, for the purpose of rendering the 
effects visible. In Mr. Smeaton” s chest light was 
admitted through four strong pieces of glass BUY, jo: | 
the upper part of the chest. 3 
Thus you find, that scarce any part of, nature is. 
wholly. secluded. from human visitation, since means 
have been found to ascend into the aerial regions, 


3 


and to e e N to the bottom N the g 


ocean [ 
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Instead of the usual 
tub of wood sunk by 


weights externally applied, Mr. Smeaton's was a | 
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e arch as you bie seen; determine gh 
weight or pressure of fluids pon solids, or Upon 
each other in vessels where the water 1s not suffered 


to escape, but remains at re: E gory agen has for its 


object the motion of ffuids. Upon the prineiples of 
| this science many whicl#nes are constructed; Several 
Engites used in the mechanic arts, and various kinds 
bf mills, pumps, and fbuntains, are dhe result of 
| Hydraulics Judicionsly applied. IRR 

If we knew with certainty the mass, the gute, 


and the number of particles of a fluid in motion, the 5 
laws of its motion nil ght be determined” by the reso- 


lution of a mathematical problem, namely, by find- 
ing the notion of a system of small free bodies acting 
bhe on the other in obedience to some exterior 
force, as that of gravity, We are, however, 


far from being in possesslon of the data requizite for 


the solution of this roblem; even if we. were in 


possession of them, 1 do not Ktiow that we should be 


much farther advanced, as it would be difficult to 
deduce any batlsfactory results from” the intricate 


Lalculations in Which the question would be 1 in- 
volved. Some great mathematicians have endea- 
voured to deduce the laws of motion in fluids from 


the equilibrium of their particles, but unfortunately 
3 are 86 complicated as to be of no practical use. 


ceurate ph) lea princip ples are a ways necessary 
before any ally can 


. culations, and rise from assumed data to the most 
sublime efforts of the human mind; but if no physi- 
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be drawn from mathematical 
abilities, "Men may enter deeply into abstract spe- 


oo . 


| | ; 1 5 | 5 
; or urpRkul les. PS! uy 


„ 7 1 enteo v with bs data no knee. „ 
Ia gge can arise to the general state of knowledge . 
 &xereises of this Kind, and they can only be consi= : 
1 dered as mere amusements of the understanding. 
It will be therefore necessary for those WhO with \ * 


ww jr to investigate this subject, to endeavour to establish 

* their physical principles on experimental facts and 

the accurate observation. In What I lay before e 
on Ml "0 Shall 9 follow the Abbe Bougout. VVV 
My - SM bie og. = 
„ or rar srourixe or PLUIDS rnnoven SMALL e 

„„ Pie ORIFICES. #_ 15 . 


= When Water qouts from a S l hole! in the . 

of dom of a vessel, 1. The water descends nearly in a 

vertical Arne And the surface deviates very little 
from a horiechial plane; but at about three or four | 
Inches from the bottom, the particles turn from the 
vertical direction, and come from all harts with a 
motion more or less oblique towards the aperture. 


The same thing takes place when tlie water eSCapes = 
from a small hole in the side of the vessel. The = 

tendeney of the particles towards the orifice is a 9 
necessary consequence of their perfect. mobility, CE 
they are hereby naturally directed towards that part 9 


Where they meet with the least reslslance, which 
= N is the aperture. | 
22. At à small distance kram the Polt FR, he : 
Ai the water forms itself into à kind of funnel, 
whose point or summit corresponds with the center 
of the hole. When the water runs oüt of a hole in 
the side of the vessel, it forms only a kind of half 
funnel, beginning when the surface nearly touches 
1 _— Ss upped 9 es of; the ien It is enen chat Gd 


| 5 + Those = EVE to study hs 3 fully, 4 N = 
„ Bonssot, Traite Elementaire d'H ydrodynamique. Buat, * 5 
— | e ng 2 Architecture Hydraulique. 
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begins to run out; but. it does not become very 
Senisible, except when the surface is at a small dis- 
tance from the Bottom ooo 


The funnel, commences at a greater height from 
the bottom of the vessel, in proportion as the bottom 

is larger; the size, thereof is, however, varied by a | 
_ nvmber of circumstances. IL, 


13 


The velocity of the water spouting from a small 
hole in the bottom of the vessel, is equal to that 


which a heavy body would acquire in falling verti- 


of the $urface of the | 


A 


cally from a height equal to that 
fluid above the aperture, 
The same law takes place when the hole is in the 
side of the vessel, for the pressure of the fluid is 
equal, at the same depth, in all directions, and will 
consequently produce the same velocity. 


8 
$6 25 


55 
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The fluid in issuing out of the hole gives a velo- 
city sufficient to make it rise vertically to a height 
equal to that of the surface of the fluid aboye the 
aperture; in the same manner as a body falling from 
a certain height acquires a velocity sufficient to make 


it ascend to the height from which it felIl. 


From the theory of falling bodies, it is plain, that 
if the fluid continued to move uniformly with the 
velocity it had acquired at coming out of tbe hole, 
_ It would move through a space equal to double the 
beight of the fluid aboye the aperture, while a heavy 
body was descending through the same space. 
ö 122 | 3 1 CC %% ow = 3 nag 
be height being the same, the. velocity of the 
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The writers on this subject seem to have neglected a revolving 
motion in the water, but which, on making further en 
they will find worthy their attention. If at the bottom of a vessel 
of water an aperture be made for the fluid to escape, it will re- 
volve about the aperture, at some distance from it, and escape with 

this: revolving: motion; the water rushes from-all sides in concen- 
trating streams to supply the continual Waste. 
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ensity; for, 
though with a denser fluid the pressure is 3 
the mass escaping is also greater, and the ve 


and this though the fluid varies in de 


The quantities of a fluid proceeding in the same 


time through different apertures, each acted upon 
by a constant height or load, supposing of course 
that the vessels are kept equally full during the 
whole experiment, are to each other as the produet 
of the areas of the apertures by the square root of 
the heights; for example, it has been proved by ex- 
periment that a circular aperture of one inch dia- 
meter, in a thin vessel, gives in one minute of time, 
the water being four feet high, 5436 cubic inches of 
water. To know what will te furnished in the same 


time by an aperture two inches in diameter, the alti- 


tude of the water nine feet, use the following pro- 
portion, observing that the aperture of two inches is 
four times as large as that of one, because the areas 


of circles are as the squares of the diameters, as 


IX VA is to 4x g, so is 5436 to x; or as 2 is to 


12, $80 is 5436 to 32610 cubic inches of water, the 


quantity that will be furnished by an aperture of two 
inches diameter from a reservoir whose surface is 


alweys kept at nine feet from the aperture. 


If you fill with water a prismatic vessel, and let 
the water run out by an aperture in the bottom, 


observing the time employed by the water in run- 


ning out, and then fill the vessel again, keeping the 


surface of the water at the same height, you will 


find in this last case, that in the same interval of 


time that the vessel was emptying itself in the first 


instance, nearly double the h of water has 


been 5 1 in the eons... 


N The 1 measures wake of here are French.” 
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ities 
are equal when the moving forces are proportioned 25 
to the masses they put in motion. | 
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In practice, the water; 0 
openings, which, although hut small in comparison 


with the size of the reservoirs, cannot be considered 
as having all their points at an equal distance from 


the surface of the fluid. In these cases, the usual 
method of determining the quantity of water flowing 
through the aperture depends on the bone n 
ciples: imagine the hole to be stopped by a plate, 
and this plate to be pierced with a great number of 
holes, through which the water escapes; now, con- 
sidering each of these holes as a single insulated 
aperture, the velocity for each will be according. to 
the correspondent height of the fluid. If the num- 
ber of these holes be infinitely augmented, or, what 


comes to the same think, if the plate be taken away, 


the velocity at each point of the given aperture will 
be as the height corresponding t ee and in de- 
termining the quantity of effluent water, regard 
must be had to this inequality of velocity. 


I must not, however, conceal from you, that this 
mode of reasoning is not very conclusive; for, 


though it may be just as far.as it relates to the num- 


ber of insulated holes, it does not appear clearly 


that the water will flow exactly in the same manner 
when the threads thereof are united, as when they 
proceed from small separate apertures: as the results 
of theory, however, upon this. plan do not differ 
much from experiments, it may be useful to preserve 
it till some better method is discovered. 


The quantity of water flowing through 50403 in a 


given time is not so great as might have been natu- 
rally expected, because the water does not flow in a 
Compact parallel stream, but contracts in diameter 
on coming out of the aperture, and this contraction 
extends to a distance nearly equal to half the diame- 
ter of the aperture. The diameter of the contracted 
stream is to the diameter of the aperture as 3 to 4, 
or as 3 5 to 4, or as 19 to 24, 50 tl at its area is to 


often issues from. lateral | 


ter 
ion 


ted 


t 


bobliquity may be decom 


number of exp. 
now lay before you. The apertures for the efflux of 


2Hnov6n'9H4Ls ones. 153 


that of the aperture a8 10 to 16: it is nearly the same 


thing when the water flows from lateral apertures. | 
This contracted stream is a proof that withinside 


the vessel the lateral particles are directed towards 


the hole with different degrees of obliquity, which 
4 into two forces, one 
parallel to the plane of the hole, which contracts the 
fluid, the other perpendicular o the same plane, 
which occasions the efflux, 

This contraction takes place also when water 
passes through tubes, and the contraction is at the 
entratice of the water into the tube, not at its going 
out, where it es its eylindric form. This 
contraction diminisbes sensibly the qonng ty of water 
that should be furnished by the tube. 

JO ascertain these facts; M. Bossu made a 8 
ts, the results of which I shall 


the water were all pierced perpendicularly in plates 
about one-half a line thick, and the e 2895 5 


. is reduced t to one minute. 


Maes: we 1 


Then water was kept dats at e eleven foot ws np inches £ 1 ee inches 
5 | ben lines from the center of each OE | furnished in 
Exp. r 


1, With an horizontal circular aperture, six Hoi 1 2105 
n r Ire opens: 2311 
2. With a circular horizontal aperture. one inch dia- 
. „ 9281 
3. With a circular horizontal aperture, two inches dia- 
res meter ———ůũ0ĩri 34 37203 , LED 
r horizontal aperture, one inch F 
- by three lines <4 0 hn eo re be ole «nds e ANF. 
5 With a square horizontal aperture, the side one inch 11817 


. 


8 By a 8c are horizontal aperture, the sides two inches 47361 

| Constant Height vices e op s 
7. Latdril dender e pere, zix lines diameter 3 2019 
8. Latetal diroular aperture, one inch diameter 98136 
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brpverions FROM THE PRECEDING | 


EXPERIMENTS, | IG 10 
| The quantities. _ fuid Bika Ma in equal times 
45 different sized apertures, the altitude of the fluids 


bein . the game, are nearly fo. each other as 11 areas 
2 the apertures. 

Thus in the second ang; third experiments! the 
areas of the apertures are as one to four, and the 


water discharged 9281 cubic inches; 37 203 1 is N | 


in * eh ratio. 


uantities of water. dirchanged,. in | equal a 


a by (ig Same aperture, with different altitudes of 


the reservoir, are nearly as the Square roots of the cor 
responding altitude of the water in dle reser voir above 


the center of the aperture. 
Compare together the eighth and tenth experi- 


ments, in which the respective altitudes of the re- 


servoir were of 9 and 4 feet, of which the square 
roots are 3 and 2, and you will find the water dis- 
charged by the first was 8135 cubic inches; the se- 


cond 5436 cubic inches, nearly in the proportion 
; of 3 to 2. „ „„ ß ITE ITY niaſs a2 


3. That i m genera] the quantities ifs water Hischarged 
in the game time, by different apertures and under un- 


equal altitudes of the reservoirs, are to each other in a 


compound ratio f the areas of the apertures and the 
_ Square roots of . 


4. That on accbunt of the friction, the emallest aper- 


allitudem. 


tures discharge les water than those Wat are ** and 


$ F 
* 41 
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4 similar As the water in the OE ener, 


Voirs being at the same height. © enn 


5. That of geveral apertures,” ' whose arras\ are 
qual, that which has the smallest circumferenct will 
A0 more water than the others, the water in the 


 reservoirs being at the came altizudes, and this because 


there is less friction. Hence, circular apertures. are 


most advantageous, as they have 1 rubbing sur- 47 


face under the same area. 

It is easy to perceive, that the quantity of water > 
expended. in the foregoing experiments, are not 
nearly so much as they ought to be, considering the 
size of the apertures, and the altitude of the reser- 


voirs. The quantity discharged is diminished con- 
siderably by the friction, and by the contraction of 


the stream; & for the velocity which depends on the 
altitude of the reservoir is not sensibly altered. 
The difference in the discharge of water, supposing, 
1. That the area of the stream is the same with 


that of the aperture; 2. That this stream is con- 


tracted; is as 16 to 10: in other words, by Sup= 
posing the area of the orifice to be diminished cy 


the proportion of 16 to 10, you may determine 
with sufficient exactness the efflux of fluids. from 
vessels, where the wanne are maintained at A: 
ume it wing „ D SEL n 


or THE DISCHARGE OF Lips THROUGH | 
"OY Wet ADDITIONAL TUBES. <1 38 


4 


If the water, instead of flowing chrougl N 
ture pierced in a thin substance, passes th * he 
end of a vertical tube of the same diameter as. the 


N there ii is a ed Waren _— ye wu; 


* And 8 T on account h of the aue, motion of the 


1486 —& practianan oy ds 
because the, contracted stream 


0 instance than in the second. , 5 „ e n ee 
In the following experiments, TY ante: height 


of the e in the reservoir above. the. upp r aper- TY 


ture of the tube was 11 feet, 8 reer bes = 


Gameter of the 8 1 ke. lady ee 
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Nou see, 4 comparing the three fist experi- 
ments, that the longer the vertical tube is, the 
greater is the discharge of, the water, beenuse the 


contraction of the stream is Jess; it is, however, al- 
2 racing, even. when it peu to 


_ Ways somewhat 
fill the t 


Fr ube, 17 2 Mat L475 


By comparing the quantities of water, diachiarged 
in the third and fourth experiments, you will find 
the two discharges 12108, 9282, are to each other 

nearly 1 in the proportion of 13 to 10; but you have 
seen, that the water discharged through a thin 
aperture without any contraction in the stream, 


would be, to the same aperture with a conti oted 


stream as 16 to 10. From bence we may con 

that the allitude in the reservoir and ie apertures 
being the Same, the discharge through a thin aper ture 
without any contraction in the stream, the drscharge 


Wings an additional falt, and the F through 


TE 
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F TW PE. | 
| Nb the first | 
-þ N « $3 G54 7 4.009 BS * 83 
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each other nearly as the numbers 16, 13, 107 these pro- 


portions are sufficiently exact for practice. Hence 


you see that an additional tube only destroys in part 
— A e of the stream, which contraction is 
test when the water passes * a thin aper- 

tus | om a large reservoir. | 

If the additional tube, instead of being vehtical, 
or placed at the bottom of the reservoir, was hori- 
zontal or placed in the side, it would furnish the 
same quantity of water, provided it was of the same 
length, and that the exterior aperture was at the 
same distance from the n of the water in the 
reservoir. 

If the whaitional tube, mstedd of being cylindrical, 
was conical, having its largest base nearest the re- 


servoir, it would discharge a greater quantity of 
water. The most advantageous form that can be 


given, in order to obtain the greatest quantity of 
water in a given time by a given aperture, is that 
which the stream assumes in coming out of the 
aperture; i. e. you must give the tube the form of a 
truncated cone, whose smallest base should be of 
the same diameter as the aperture, the area of the 


small base should be to that of the larger base a8 


10 to 16, and the distance from one base to the 
other should be the semidiameter of the largest base; 
and the efflux of water will be as abundant as it 
would be through a thin aperture equal to the 


smallest base, and where the stream was not con 6 


tracted, This form may be applied where it is ne- 


cessary to obtain a certain quantity of Water from a 


river, an aqueduct, &c. by a canal or lateral tube. 
On comparing the efflux of water through addi- 
tional tabes of different diameters, and 5 diffe- 
rent altitudes of the water in the reservoirs, the 
following results were obtained; "oh additional tubes © 


EF 
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26 were two Adis long, and were een and {plated 
at 7 a ns of the eee, | 8 


I Constant altitude of the | Diameter 45 «as DER Number of | | 


water above the tubes. | | een in lines, 
7 -Bx. 1 7 DLC Ming = I 89 
333535 Mos 10 the tube E 
den on. I The water net 
10 f HY the | 
e's TE | sides J/ $1 
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It 1 from 8 3 15 That the 
discharge by. different additional tubes, with the same 
altitude of the reservorr, are nearly in proportion to 
the area of the apertures, or to the Squares of the 
* 9 
. That the diecharge 7 water 4 additional bes 

of he same diameter, with different altitudes of water 
in the reservoir, are nearly proportional to the. am 
root of the altitude of the reservoir. _ 
3. That m general the. discharge of water in the 
same time, through different addi tional tubes, with dif- 
| ferent altitudes of water in the same reservoir, are 10 
each other nearly as the product of the, square 4 the 
diameters of the tubes by phe. are roof 0 "the « altitude 
of the reser voir. 3 

So that the efflux of amticr by additional — 
follow, amongst Aae, a ame any, as cee 


THROUGH: ADDITIONAL TUBRS, | 


The e following ta alen was ee from hs forging 


' | — aperture en- + ll 
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We e are now going to consider hers nature * 


fountains. There are few things that give more 


pleasure to the eye than a diversity in the play of 
water from a fountain: but these machines give 


additional pleasure in sultry climates, where they 


contribute to cool the air, as well as to enliven the 
prospect, With us they are chiefly nade 
purposes of embellishment, for here the air is sel- 

dom di | 
there were fountains of fire, they n alten make 
the most grateful ornament. 


for the 
sagreeable from too much warmth; and if 


Whatever be the direction of te 6 hn hes 
ae - that 
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Water, owing from a a N 1 suf- 
ficient velocity to carry it to the same height as the 


water in the reservoir; but it never attains entirely 


this height, being prevented by various concurring 


causes. Ist. The friction in the tubes between the 
reseryoir and the ajutage.  2dly. The friction against 


the circumferente of the aperture. 3dly. The re- 


sistance of the air to the weight of the aer at the 


top of the spout; for this, having lost its motion, 
rests on the part below, and by its weight obstructs 
the motion of the column. The ealainnes from this 


cause js so great, that the 10 is frequently destroyed, 
the rising water belüt by 
ro 


to the very orifice from which it spouts: but this 
inconvenience is remedied, if you give the jet a 


little inclination; for then the particles which have 


lost their motion upwards do not fall back as before, 
but fall off from the rest, and thus do not incumber 


the rising fluid; hence such jets as are a little inclined 


will rise higher than those that are vertical. 


When the ajutage is inclined to the horizon, 


the projectile force: and the gravity of the water 


cause the stream to describe a parabola, whose am- 
plitude is greater in ee to the ma of "Wie 


Fepereoty., . 


When hy tans is in an horizontal. direction, 


4 the jet describes a semi- parabola. 215 


Jets of water rise higher in paepertio as the 
aperture of the ajutage is large; because, 1. Of 
two jetz proceeding from the same reservoir with 


equal velocities; the larger undergoes less friction 


2. It has more mass, and consequently more force to 
8 obstacles But though a large jet will rise 
higher than a malt one, it does not discharge more 


water; for the eee is as the produet of the aper. 


ear _ 


ts and starts pressed down 
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ture by the diese at the moment of ein qt 
this velocity is the indent” each, friction: not being 
| considered. 30 Nt | 


 titude 
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In order to make Jane jets rise bigher Ho small 
ones, the condnit - pipe must be large enough to 
furnish a sufficient quantity of water; [for: experience 


das shewn, that if these are narrow, Small jets: will 


rise higher than those that dre larger. The diameter 
of the conduit-pipe zhauld therefore boar à certain 
proportion to that of the ajutage, im order to make 
a jet rise to the greatest possible height. If you 


compare two different jets,. anck are desirous dene 


each should attain its greatest altitudes, %e $guar 


f tue diameters! of the. conduit. pipen must be 10 in : 
_ other in ihe compound: rati of the: $quares-of © thei ain- 
meter of. tht) ajutages," andthe square mot" of the abs 

Mille reser voir. Thus, if you know by expes 
. rignceithe diameter that ought to be given to a cn 
duit- pipe, to futnish water for the discharge of a 

given ajutage, with à reservoir of a given ntitude, 
vou may determine the diameter of another tube, to 


feed a Fivent Og ane a reservoir. o powell 
2 Fein 51 bb 43 + E102 USES 
þ(Baperierice: So shewn, that; for an aju 


the above rule, but there would be a considerable 


one in giving it a smaller diameter. 
Prom the comparison of several experiments made 
on jets d' eau, it appears, that the difference be- 
tween the altitudes of vertical jets, and the altitudes 
of the reservoirs, is to each other as the squares 


of the nh $ Dutnde ad you N N d by” 


tage 1 67 
lines diameter, with a reservoir of fifty-twyo feet, 
the, conduit-pipe should be about thirty-nine lines; | 
for an ajutage six lines diameter, and a reservoir . 
sixteen feet, the conduit- pipe twenty-eight. and an 
half lines. There is no inconvenience in giving a 
conduit-pipe a greater diameter than is required: by 


\ 
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ar jet falls short of the altitude 


its men: ho — may findz by the rule of thee, 


1 ow much any other jet falls short of its reservoir. 
If you wish to know the altitude of the reservoir, 


you have only to add to the altitude of the jet the 


: quantity found by the proportion It is to be ob- 


served, that the conduit - pipes Should never be: fixed 
| at right angles to each other. ITT 1 5 


The following table will facilitate, the! aeulioation 


| of the foregoing principles. In the two first columns 


are the altitudes of the jets, and the corresponding 


altitudes of the reservoir. The third column con- 
cubic fo 


in Paris pints, thirty-six of which make a 


t) the discharge during one minute, through 


an ajutage six lines diameter, relatively to the alti- 


5 tudes of the second column. Knowing the discharge 
- with an ajutage of six lines by the rule of three, you 


will 9 the discharge by any other ajutage 


with a reservoir of the same height; since it has 


been proved, that the discharges are as the area of 


the ajutage, or as the squares of the diameters of 


these ajutages. In the fourth column you find the 


diameters for the conduit-pipes of an adjutage six 
nes diameter, nee to the rene of the wende 
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What I have sid to you concerning conduit-pitith, ; 

tu different apertures, &c. 
naturally leads us to consider the nature and action 
of pumps: their general principles were explained 
to you in my Lectures on Air. I there, however, 


the efflux of water 


only noticed two kinds: I shall now bring you ac- 
quainted with some further. varieties in their con- 
struction, and notice some eircumstances chat F 
N over in | the former Lecture. 


Fo 5 or THE CHAIN-PUMP, 


Among these is what is called the chain-pump. a 
| This is generally made from twelve to twenty-four _ 
feet in length; consists of two collateral square bar- 

Tels, and a chain of pistons of the same 17 fixed 


at ge distances thereon. 
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The GOT is 7 + a coarse kind of wheel. | 
Work: fixed at one end of the machine. The tech 
of this are $0 contrived. as to receive one half of the 
flat pistons, and let them fold in, and they take 

hold of the links as they rise. A whole row of the 


pistons, which go free of the sides of the barrel by 
near a quarter of an inch, are always lifting when 
the pump 1s at work; and as this machine'is ge- 
nerally worked with briskness, they bring up a full 


| bore of water in the pump. It is wrought either 


by one. or two handles, apcontling! to the labour r re- 
quired. 
The chain pump i is 80 contrived, that, 15 the con- 
r folding in of the pistons, stones, dirt, and 


whatever may happen to come in the way, may also 


be cleared: it is therefore used to drain ponds, sewers, 


and remove foul Water, in which no ee, pump 
could be . . : 1 


f or PUMPS wits THE PRESSURE oF, un Ar- 


MO SPHERE 18 EMPLOYED. 


These are pneumatic as well as hydraulic en- 
Bock and are usually divided into two kindss 1. 


be common, or sucking-pump; 2. The forcing- 
pump. The nature of these, their action and ope- 
ration, I sball explain by these glass models; in which 


you will see the motion of, hs en and che TOY 
af, the valves. | 


: * 


or nE COMMON PUMP, plate 3, fe. . 


T have poured water into the trough, which 
trough is to represent the well from which the water 
is to 0 raised. There are two valves in this pump: 


one, b, at the upper end of the small tube; the 


other, A, On the moveable piston. Wben the 


pump 
is not, worked, their wei 4 makes them a” m 


the holes over Frs, they are placed! 


or degrom the | ppg by means. of the 2 axe ago 76 


— 


run common. pony. 


e ar Howricathitnedce out operation. The pisto 


being placed at the bottom of the barrel, before 
hab to work, I raise the piston from the bottom tio 


the top c of the barrel; which makes room for. the air 


in the pump, below the piston, topo itself. 


The air in the pipe being thus dilated, Presses less 
on the surface of the water within the pipe, than 


the atmosphere does without on that in the trough; 


and consequently the water rises in the tube till the 
pressures are equal; that is, till the air within is 
just as dense as that without; and it will there re- 


main at rest between the two equal pressures. The 


valve at the bottom, which rose a little to let some 


of the rarefied air into the barrel, falls down again, g 
and closes the hole at the top of the pipe. 


I now depress the piston; and as the air in ths. 
barrel cannot get back again through the valve b, 
at the top of the pipe, it will raise the valve in the 
piston, and so make its my through the upper part 
of the barrel into the open air. I raise the piston 
again, and the air between it and the water in the 


lower pipe will again be left at liberty to fill a larger : 
space; and so its spring being again weakened, the 


pressure of the atmosphere will force more water into 
the pipe; and when the piston is at the top of the 
barrel, the lower valve falls, and stops the hole * 
the top of the pipe, as before. e 

The same effect is produced by every ne 


till at last the water in the pipe reaches the bottom 


of the barrel. Now, upon depressing the piston, as 
the water cannot be forced back again through the 
lower valve, it will raise the upper valve as the piston 
descends, and will be lifted Pp wy wy Een when 5 


ws again. 


The whole space ko the piston 18 now fall of f 


water; and as the water cannot escape by the lower 


valve, it will, on my depressing the piston, raise the 


valve, in order to let the piston down. When this 


is quite at the bottom, the valve will fall by iis 


THE COMMON run. 


woſphts And stop the hole in the piston. When the 

mp is next raised, all the water above it will be 

iſted up, and run out of the spout; and thus, by 
alternately raising and depressing the piston, there 
is still more water raised; which, getting above the 
pipe into the wide part at top, wil supply the Spout, 
and make it run with a continual stream. 
|, Thus-you have seen, that every time I elevate the 
piston, the lower valve rises, and the upper valve 
falls; but that every time I depress the piston, the 


= : lower valve falls, and the upper one rises. 


Now, as it is the pressure of the air of the at- 
mosphere which causes the water to rise, and follow 
the piston, as it is drawn up; and as a column of 
water, of thirty-three feet high, is of equal weight 
_ 5 thick a column of air, from the earth to the 

top of the atmosphere; therefore the perpen- 
W height of the piston from the surface of the 
water in the well, must always be less than thirty- 
three feet, otherwise the water will never rise above 
the piston. But when the height is less, the pres- 


sure of the atmosphere will be greater than the 4; 


weight of the water in the pump, and will therefore 
rn it above the piston; and when the water has 
once got above the piston, it may be thereby lifted 
to any height, if the rod be made long enough, and 


a sufficient degree of strength be employed to raise 
| it with the weight of water above the piston. 


The force required to work a pump, is as the 
altitude of the water to be raised, and as the square 
of the diameter in that part where the piston works. 

Hence, if two pumps be of equal height, and one of 
them be twice the bore of the other, the larger will 
raise four times as much water as the narrower, and 


will therefore require to be worked with four times 
as much strength. 


The wideness or ra os of the pum Sg in any 
other part, besides that where the piston works, 
does not render the Pump either more or less dif- 


I 


feult to works: ertept 


1 ing the dimensions of a 


times. It is also 


* greater in a narrow bore than a wide one. 


oy np mp- rod is generally raised by means of a 
lerer whose longer arm, where the power is applied, 
is generally five or six times the length of the shorter 5 
arm; by which means it gives five or six i nes as 

much advantage to the powWwe.. | 
Mr. Ferguson gives the following table for Bod a 
pump that shall work with 
a given force, and draw water from a given depth, 


the handle being supposed to increase the power five 


a pump four inches diameter, and thirty feet high, 


and discharge 275 gallons of water in a minute; the 
measure A hay e ene vine meusure. 
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what difference may arise 
from the friction of the water in the bore; which is | 


sed, that one man can work -- 
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Now, to find ths; diameter of a pump iu FRY 
; "one water with the same ease as a man can work a 

pump thirty feet high, with a four-ineh bore, look 
for the height in the first column, and over against 
it, in the second, you have the diameter or width 
_ of the pump, and in the third you find: the quantity 
of water which a man of wen e can A 


Pr 
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; or run roneme-vuur, plate 3, Ae: 4, Eg 
* 1 4 
It is 80 b called, because it not only raises the 


water into the barrel, like the foregoing, but it af- 


terwards forces it up into a reservoir, in a lofty 
Situation. The operation and nature of this Gp 
| will be evident by attending to the 11 of this 
model, plate 3, fig. 2. The pipe and barre are the 


same as in the other pump, but the piston, G, is 
solid, having no valve, 80 that no water can get 
above it. At the bottom "of the barrel, B, a , Pipe, 


MM, is fixed, and at right angles to "this pipe, a 


_cistern, or nir-vewel, K K; at the bottom of the air- 


vessel there is a valve, pz from the top, a small 

ipe, OH I, is inserted so as nearly to reach the 
bottom of the air-vessel, and 99 the same time be 
air- tight at top). 8 


I shall now begin to Work the Wheel, that you 


may see and comprehend, the effects. "The pipe- 
valve, a, rises when I draw the piston up; but falls 


down, and stops the hole, the moment the piston 


is at its greatest height. Now, as the water which 
has been raised above this valve cannot get back 


a 2 into the pipe, but has a free Passage by the 


ipe MM, that opens into the air-vessel, it is forced 
into this vessel by depressing the piston, and retained 
therein by its 1 785 b, which shuts the moment the 
2 begins o be raised, because the Pregaure 
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ceases. 


The Mater; F 
by repeated strom 
the lower end, I, of the pipe, and begins to con- 


dense the air in the air-vessel; for the air has no 
way to get out of this vessel, but through the tube, 5 
OH, of the pipe, and is prevented from escaping 
this way when the mouth of the tube is covered with 

water. It is also gradually more and more con- 


densed as the water rises in this vessel; till at last; 


as you see, it presses so strongly upon the water 


as to force it up through the pipe O HI; from 
-whence it spouts, at F, in a jet to a great height, and 


bis supplied by alternately es and ene of , A 


The Highe# the Arcs of the water is raised „ 
the air-vessel, the stnaller is the space into which 
the air is condensed; and, consequently, its spring 
- will be stronger, and the pressure greater upon the 
water, which will be thereby driven with greater 
force through the pipe; and as the spring of th 
air continues to act even while the piston is rising; 
the stream will be uniform as long as the e W 


worked.” 


The valve of the pipe opens to let the water ſolloß 
the piston in rising. Whilst this valve is open, that 
of the air- vessel is closed, to prevent the water, which _ - 
is forced into the alr- vessel, from funining back 3 1 85 


its pipe into the air- vessel. 
The effect of this kind of pump Is. not limited 


" to raising water to any particular altitude; since the ia 


air s condensation may be raised to any degree. 


If the air's condensation is double to that of 
the atmosphere, its elastic force will raise the water 


to about the height of thirty four feet. If the con- 
densation be increased three-fold, the altitude to 


whidhs the water may be raised by it will be about at 
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twice the ortet height, « or sixty-eight getz ibs " 
titude of the raised water being increased thirty-four 


e which | 


feet for each addition of unity tt 
expresses the air's condensation. 
Ihe engines used for extinguiſhing fire are upon 
this construction; consisting of two barrels, by 
which water is alternately driven into a close air- 
vessel. The forcing the water therein condenses 
the air, which.compresses the water so strongly, that 


it rushes out with great impetuosity and force 


through a pipe that comes down into it, and makes 
a continued uniform stream by the condensation of 
air 15 its surface. | 


OF DE LA HIRE'S 5 PUMP, Plate 3, fig. 3 


The model before you is that of a pump in- 


vented by M. de la Hire, which is so constructed, 
as to raise water as ſast by the descent as the ascent 


of the piston. As before, the trough in which the 
two pipes are placed represents the well: one of 
the pipes, B, is fitted to the lower end of the barrel 
in which the piston works; the top of the other 
pipe, C, is so connected with the smaller one, as to 
communicate with the upper part of the barrel. 
There is a valve on the top of the pipes B, C, and 
also on the two pipes E, F, which proceed from the 


pump - barrel into the air-vessel F. The piston is 


solid, or without any valve or opening. 
As the piston rises, the air, pressing c on the sur- 


face of the water in the trough, forces it up the 


pipe B, at the bottom of the barrel, and fills it with 


water up to the piston. The valves, e and s, lie 


close and air-tight at the top of their respective 
pipes E and F. 

When the piston stops at its greatest height, the 
valve at the bottom of the barrel closes, and prevents 
the water from being forced back. Hence, as the 


th 
lie 
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piston is depressed, it forces all the water in the 
barrel up through the lower crooked 1 F, and 
through its valve, into the air- vessel. 

The piston- rod moves through what is called a 


collar of leather, which makes it air-tight. 


During the descent of the piston, the valve upon 


the upper crooked pipe falls down, and the pres- 


sure of the air on the water in the trough raises the 
water through this pipe, C, and the valve at the top 
of it, which is opened upwards by the power of the 
ascending water; and this water runs into the bar- 
rel of the pump, and fills all the space therein above 
the piston. 

As soon as the piston is as low as it can go, the 
valve at the end of the upper pipe, D, falls down and. 
closes it, so that no water can be forced back through. 
As the piston is raised, all this water is forced 
through the upper pipe E, and, after opening its 
valve e, into the air-vessel P. 

Thus, as the piston descends, it ſrren all the 
water below it up to the pipe F; and, as it rises, it 
forces all the water above it up. the pipe E; so that 
there is as much water forced up into the air- 
vessel by the ascent, as by the descent of the piston. 
The air is compressed in the air- vessel as in the pre- 


ceding case; and the water being equally forced 


in, rushes out with a constant and very nearly equal 
stream. It is evident, from what we have already 
told you, that the top 'of the pipe that opens into 
the upper part of the barrel Should never exceed 
thirty-two feet. 


oF A NEW HAND-PUMP, INVENTED BY MR. WAL- | 
TER TAYLOR, OF SOUTHAMPTON, AND USED BY 
THE ROYAL NAVY OF GREAT BRITAIN, | | 


Bre very friend of mankind must rejoice on being 
informed, that the accidents to which ships chat 


\ 
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spring a leak at sea were liable from the imperſec- 
tions of the chain-pump, are happily removed by the 
ingenious contriyances of Mr. Malter Taylor, of 


Southampton, well known for his mechanical ahi- 


lities, which, in other instances as well as this, have 
proved equally beneficial to himself and country, 
It seems rather surprizing, that the common pump, 


whose effects are so well known, should have re- 


mained for centuries inadequate to the purposes of 
the navy. The mechanism adapted by Mr. Taylor 


is so important, and, in various particulars, so dif- 


ferent from what is in general applied to the com- 


mon pump, that it may with great e be con- 
sidered as a new invention. 


Mr. Taylor's pumps have been in g N use 


in the royal navy for some years: they have an- 
swered every expectation he first formed, though he 
has made many improvements on them. Here are 


three figures, which will give you a general idea of 
these pumps; they were copied from drawings which 


were kindly communicated to me for this purpose 
by Mr. Taylor. Fig. 4, plate 3, is a section of one 
of Mr. Taylor's pumps, of a simple construction. 
The piston is represented as descending in a cham- 
ber properly adapted thereto. At a and b you have 
a view of Mr. Taylor's pendulum valves; which, 


from their form, disengage themselves from chips, 


gravel, sand, &, The piston is also so contrived, 


that no chips, gravel, or sand, can get between the 


leather and lower part of the piston; to both which 
defects the former constructions were liable, * * 
is a Separate view of the pendulum valve. 


Fig. 4 represents a pump w orking with one piston- | 
rod, and g. 5 a pump working with two piston- 


rods; the one rising as the other falls: in fig. 4 and 
5, the rods are supposed to be worked [= levers. 
By a judicious application of ropes, to be carried 


| Pu. either deck, SEE hg. 6, Mr. Taylor is enabled, 


THE KESSIAN PUMP. © 5⁰5 


where men are plenty, as in a man of war, to raise 

any quantity of water. The drawing is taken from 
a pump with a seven- inch bore, and heaves one ton 
per minute twenty-four feet high, with ten mei, 
five only working at a time. One is now con- 
stracting by Mr. Taylor to heave five tons per mi- 
nute twenty-four feet high. The pumps are also 
80 constructed, that a copper pump may be taken 
out of the wooden case, in order, when 3 re- 
quires, to make two put ps for separate work. 


- 


' OF THE HESSIAN rune, plat 2, . 1 and 8. 


Ag c, DE, two tin vessels, soldered together, 
but communicating with each other by a hole at 
bottom. .The larger vessel is. furnished with a rim; 
to receive the water thrown up by the circulating 
tubes, and convey it into the vessel DE; m, n, o, p, 
represent four tubes of metal or glass, open at both 
ends, but bent at top, and fixed in an angular posi- 

tion to the axis K L. When in their place, the 
extremity, L, of the axis rests upon a point at the 
bottom of the large vessel, while the upper part 
is steadied, and kept in a vertical position, by pass- 
ing through a hole in a bar going over the large 
vessel ABC. 

Fill the vessels about two thirds with water, and : 
then make the tubes circulate rapidly by turning the 
handle 8, and the rotatory centrifugal motion will 
raise the water, and discharge it into the small vessel 


DE, by the pipe h, 


OF VERA'S PUMP; OR AN ENGINE. To RAISE f 
WATER BY MEANS OF HAIR ROPES. 


A and B, plate 3, fig. 8, are' three hair-ropes 
passing over the pullies b and d, each of which has 
three grooves. The lower pulley, b, is immersed in 


water, and is kept therein 15 a weight suspended 
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from it. These pullies are turned round with 


great rapidity by means of two multiplying wheels, 


one of which is seen at G. By turning the pullies, 
the cords revolve also with great rapidity, and the 

ascending sides carry up a considerable quantity of 
water, which they discharge with violence into the 
reservoir H, from whence it is conveyed. into any 


convenient place by the pipe KL, The ropes should 


not be more than an inch asunder. 

There are two of these machines at Winds. The 
depth of the well where one of them is fixed is 
ninety- five feet, and the quantity of water raised by 
the utmost efforts of a man is about nine gallons per 
minute. 

In the beginning « of the motion, the column ad- 
kering to the rope is always less than when it has 
been worked for some time, and continues to in- 
erease till the e air r of 1 its motion. 


or A SUPPOSED IMPROVEMENT OP THE Common 


PUMP. 


In the year 1766, it was announced in the public 


papers, that at Seville, in Spain, a simple sucking 
pump had been constructed, which raised water 


sixty feet; and they concluded from thence, that 


those were strangely deceived who had asserted, that 
the pressure of the atmosphere would not sup- 
port a higher column than thirty-two feet, On 
examination it was found, that an ignorant tin- 
man at Seville had made a common sucking pipe 
with its lower valve sixty feet from the surface of 
the water; bat, finding he could raise no water by 
it, either through impatience or passion, with a 
stroke of a hatchet he made a small opening about 
ten feet above the surface of the water, and which 
ſorced a small quantity of water above the lower valve; 
the reason of which Lshall * by a diagram. 
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Let PF, plate 3, fig. I, be the wucking tube, d the 
 qurface of the water, f om d to F sixty feet; and that 
after a certain number of strokes of the piston the 


water was raised thirty-two feet in the tube, or to e; 


and that a small hole was made at ten feet from 


the surface of the water. The air which enters this, 


pressing equally every way, makes the water which 
is below b, fall down into the well; while the pres- 
sure upwards. forces the water up thirty-two feet, 
through the valve, into the body of the pump. But 


this is not all, for it would have carried it to a much 
greater height; for the air near the earth is above 
eight hundred times rarer, or less dense than water; 


and supposing the density of a column thereof to 
be uniform, which is not the case, ten feet of water 
taken away would be equiyalent to a column of eight 
thousand feet of air; 80 that the remaining twenty= 
two feet would be in equilibrium with: the air, after 
being raised eight thousand feet. To have a second 
portion of water, the hole, h, must be stopped up, 
and the piston worked till the water rises to e, and 
then re-open the hole. In the first place you see, 


that this pretended discovery is so far from invali- 


dating the principle of the pressure of the air, that 


it is a direct consequence thereof; secondly, that 


even to make it answer at all, it is necessary that the 
pipe be very small, or the column of water would be 
broke to pieces, the air would ous through, and wy 


little would rise. 


4 


OF THE MOTION OP WATER IN CONDUIT-PIPES, 


In conducting of water from one place to another, 


the conduit-pipes must be longer in proportion as 


the places to which it is to be conveyed are more 
distant from each other. In the additional tubes 


heretofore spoken of, I took no notice of friction, 5 


as in the cases chen under consideration it was 
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scarcely sensible. In long tubes it is different; the 


friction of these lessen Wecken ThE Ne of 
the Water, 


On this head I can only relate to you the result 
of various experiments that have been made; which 


it is impossible for us to repeat, as they require not 
only a very large apparatus, but conveniences that 
are only to be procured by those whose interest is 
concerned in the experiments. The experiments 
of which I shall give you the results were made by 


Mr. Bossut; the tubes were straight; one of them 
was sixteen lines inside diameter, the other two 


inches; and the tubes were suceessively lengthened 


from thirty to an hundred and eighty feet. The 


constant altitude of the water in the reservoir, above 
the axis of each tube, was in some cases one foot, 
in other cases two feet. This is a branch of hydro- 


staties, in which theory is necessarily imperfect, and 


the only means of arriving at an must be "ou ex: 


r 


e e e it 
LAY A ry. $ 
a | Constast alti-| Distance to| No. of cubic| No. Xx eubid | 
{tude of the wa-|which the wa- inches of water|inches of water 
ter in thereser-|ter was convey- discharged byſdischarged by 
voir above theſed, expressed in the tube of 16 the tube of two 
axis of the tube, feet. lines diameterſinches diameter 
expressed in ft, | iin a minute. in a minute. 
i 27/86 7680 
1 1 60 1957 3564 
1 90 1587 4534 
1 120 1351 3944 
1 130 1178 3486 
3 | 180 1052 3119 
2 30 4066 11219 
2 60 2888 8190 
2 90 23982 91 
| 10 2011 [ 5885 
2 150 1762 5232 
3 180 | 1583 4710 
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By anne g this with the table in page 489, 


you will find that the discharges of water there are 


much greater than the corresponding ones in the 
present table, and that the discharge is, lessened as 
the tube is lengthened, because there is a greater | 
rubbing surface. 

We may also notice chat the imindtzen in the 
discharge is not in proportion to the length of the 
tube; for, the first thirty feet diminishes the dis- 
charge much more than the second thirty feet, and 
the third length of thirty feet diminishes still less i in 
the discharge; and so on. 

From these experiments it appears, that 2 ; 
accuracy is not necessary in practice; and perhaps 
we may adopt for a general rule, that the discharge 
made in equal times by an horizontal tube, with the 
gane altitude of reservoir, but at different distances' 
from the first aperture f the tubes, are to each other 
nearly in the inverse ratio of the {pogo rOOLS of the 


. distances. 


The discharge is more in proportion from the 
larger tube than from the smaller one; because 
there is less rubbing surface in 1 in the 
ge tube. 

If the tubes are curved; instead of being straight. : 
the discharge will be somewhat diminished. This 
diminution in the discharge appears to rise from the 
impact of the water against the angular parts of the 
tube, whereby its velocity is diminished. This di- 


minution wall therefore vary with the degree of cur- 


vature. 

When the plane of the curvature of the tube is in 
a vertical direction, there will be portions of the tube 
where the air will fix itself, so as 0 lessen the velo- 
city, or even stop the course of the water. Let 
ABC DE, plate 2, g. g, be a tube, whose upper 
end, A, is joined to the reservoir that furnishes the 
water; 108 the end by which the fountain is supplied. 
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When the communication at A is monk; the tube 
is filled with air; the water will fl the tube AB, 
drive out the air therefrom, and rise to C. Here 


experience has shewn, that the water runs down the 
lower part of the curvature, and fills up the neck, D, 
leaving behind it the column of air CD; which will 


remain there, notwithstanding the pressure of the 
column of air, AB, The water continuing to flow, 
runs down the lower part of E F, and fills the neck 
F, leaving the second column of air at EE; so that 


the water will be only x raised to I, 1 will not run 


out at G. 
OF THE SYPHON. 


Though I treated of the syphon in an early stage 
of these Lectures, & as the account there given does 
not seem so correct as that given by a late author, 
I shall here endeavour to state with greater eurer 
the principle on which it acts. 

A syphon is an instrument used to decant fluids, 
or convey them from one place, over an obstacle that 
is higher than their surface, to another that is lower. 
Its — as you have seen is exceeding simple, being 
nothing more than a crooked tube. Its effects are 
accounted for from the gravitation of fluids of diffe- 
rent weights, one upon another. 

If one leg of a syphon be immersed in a esel of 


water, and the other leg hang out of it, in such 


manner that the lower end be below the surface of 
the water, on opening both the orifices at the same 
instant, the water will be found to flow out at the 


lower orifice, till its surface has sunk down to the 


orifice of the leß in the water. 


* Lecture iv. vol. i. p. 143. | 
F Theory of the Syphon, London, 1781. 
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Now, on examining this experiment, you will 
find that the columns of air pressing on the two 
equal orifices, differ from each other in length only 
by the perpendicular distance between the surface of 
the water, and the horizontal plane of the lower 
orifice of the syphon; which space, compared with 
the whole height of the atmosphere, is too inconsi- 
derable to be taken into the account; and we ma 

therefore conclude, that the action of the atmos- 


phere on both the orifices is equal. 


Nov, as we supposed the tubes full of water when 
the holes are first opened, these equal pressures of 
the atmosphere will be counteracted by the weight 
of two different columns of water; one in the 
shorter, the other in the longer leg of the syphon. 
The difference of the force of these counteracting 
pressures is equal to the weight of a column of water, 
whose base is equal to the diameter of the tube, and 
whose height is equal to the perpendicular height of 


the surface of the water from the orifice of the 
longer leg. Now, equal“ pressures of the atmos- 


phere will be counteracted by unequal forces of 
gravitating waters, which will make the opposite 
pressures of the vertex unequal: and as the superior 
weight of the longer column carries it downwards, 
there is less pressure on that side of the vertex; the 
water will be pressed forwards, and continue to flow 
till the water be fallen to the bottom of the im- 
mersed leg, or, if it be the longer leg, as low as the 
end of the flowing one; for, the descent of the 
water in the longer leg, by its own gravity, would 

leave a vacuum in the tube, if not immediately suc- 


ceeded by other water. This descent gives the at- 


mosphere, which urges the water up the syphon, 


* For, if you suppose the atmosphere more, than able to sustain 


the water in each leg, it will at the first instant of opening the 


orifices, press their respective contents against each other at the 
vertex. | 5 | PE ROE | | 


| the same power 0 dot as 1 it were not at al oppoced 


at the issuing orifice. 
For the same reason that the atmosphere urges 


he water in the vessel after that which descends, 8 
would fill the whole syphon, provided it were void 


of air; and by sucking the air out of the smaller 
kind of these instruments with the mouth, through 


a pipe placed for that purpose by the side of the 


issuing leg, the liquor will directly flow. In larger 


syphons, for the draining of pits, quarries, &c. the 


evacuation is effected by a pump placed in like 
manner at the issuing end. 

Of the Distillers Syphon. This is usually about 
an inch in diameter, and three fect in length, with 
a cock fixed into the issuing end. To use it, the 
cock is shut, and the contrary end put into the 

bung-bole, till the liquor reach within about five or 

six inches of the bend. Then, on opening the cock 
pretty quickly, the contents flow out of the syphon 
in the usual manner. By the immersion of the 
drawing leg, the liquor is prevented by the pent- up 


air from rising as high within the syphon as it is on 
the outside thereof. On opening the cock, the 
ambient fluid obtains power to raise that within the 
tube to its own level; but, by a law already ex- 


plained, the contained liquor, before it rises as high 


as that of the other, will have acquired a velocity 
nearly sufficient to carry it as much above that sur- 
face as it was before below it. Hence- the fluid 


shoots over the bend; and there falling into a tube 
with a contracted orifice, the syphon is soon filled, 


and the liquor of course continues to flow, as in. the 


common experiment. 


s'Gravesande's Syphon, This is a syphon for rais- 
ing water into a cistern by means of the expenditure 
of other water through the outer leg, and. may be 
applied in many cases where water, &c. is to be 
raiscd ten or twenty feet, and We you have at the 
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same time water sufficient to supply the lower re- 
servoir. This syphon has been lately much n 
by a 1 85 e e 
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or THE  VIBRATORY. MOTION OP WATER IN 
Pi” 8 SYPHON. 

I have proved to you in the Lectures on Mecha- 
nics, that the vibrations of a/pendulum are isochrone 
or of the same duration, though the arcs it describes 

are unequal. I have also shewn you, the duration 
af the vibrations of two unequal pendulums are to 
each other as the square root of their respective 
lengths. The motion of water Pe in a syphon 
follows the same laws. | 

To illustrate this, let us suppose In om to be a 

syphon consisting of three parts, or legs; two, In, 
m o, vertical, and one, o, horizontal; and that it be 
of an equal diameter throughout its whole extent. 
Let us further suppose, that the fluid, while at rest, 
occupies the space anod, the two surfaces, a b, cd, 
will be level. Now, if by any means the fluid be 
| forced to descend to gh in the leg m 0, it will rise to 
/ in the leg In; and as soon as this cause ceases to 

act, the fluid is left alone to the action of its gravity. 
The excess in length of the column, en, over the 
column, , will force the fluid to descend even 
below the level of the other, on account of the acce- 
leration it acquires in descending, which will raise 
the fluid in the other leg; and it will thus continue 
rising and falling alternately, forming oseillations 
similar to those of a pendulum; and the duration of 
each vibration will be precisely the same as the vi- 
bration of a pendulum, whose length is half the 
length of a column, þ qr, of the fluid. 


N - 5 Gravesande's Elements of Philosophy, vol. i. p. 235. 
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As the oscillations of water follow the same laws 


as those of a pendulum, if the length of a column 


of water is increased or diminished, the duration of 
the oscillations will be also augmented or dimi- 
nished, and will be in a e e ratio of this 


|= OSCILLATORY MOTION OF WAVES, 


Newton, in his Principia, compares the undulatory 


motion of waves to the vibratory one of water in a 
syphon. Let ABCDEF, plate 2, fg. 10, represent 


a stagnant water, whose surface is elevated or de- 
pressed by successive waves. Let A, C, E, be the 
convex, and B, D, F, the concave part of the waves. 
As waves are formed by the successive ascent and 
descent of the water, so that those parts which were 


the highest become the lowest alternately and suc- 


cessively; and as the moving force which makes the 
lowest part rise, and the highest sink, is the weight 
of the elevated water, this ascent and descent may 


be considered as analogous to the vibratory motion 
of water in a syphon, and observes the same laws. 


If, therefore, you have a pendulum whose length 
be equal to half the transversal distance between the 
most convex point, A, and the most concave point, B, 
that is, equal to half of Ab, the highest part will 
become the lowest during the vibration of such a 


pendulum, and in another vibration they will be- 
come the highest, going through its whole space 


while the pendulum performs two vibrations. And 
as a pendulum, whose length is quadruple the pre- 
ceding one, that is, which is equal to the width, 
AC, of the wayes, would perform but one vibration 
while the other performed two, we conclude that the 
waves perform their vibrations in the same time as a 


pendulum, whose length is equal to the breadth of 
the waves. conn aire —.— 
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Fretn kehee it follows, that a wave, whose breadth 
is 3 beet 855 lines broad, by advancing its whole 
breadth in one second, would in a minute describe 
183 feet 6 inches 10: lines; and in an hour, 11014 
feet 2 inches.“ If the breadth was quadruple, it 
would describe the breadtli in double the time; con- 
sequently, the broader they are, t che Ereater space 
they describe in't- given 1 - > 


In the foregoing rensoning, I idle assumed that 


the waves rose arne fell in straight lines; but this is 
not exattly true; and consequently the deductidn 


can only be considered as e toway 
the trath. | 1 
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> Ones @f the most important problems i in ydrogta- 


Wing is to determine the resistance that a body in 


motion meets from a fluid at rest; and to know the” 
effort necessary to 2 a body at rest in a fluid in 
motion. 

Water and air are two of the ea inanimate 


agents in nature, and they are those which man 


renders most easily subservient to his purposes, 


Necessity first pointed out the use of these agents, 


and engaged him to investigate their properties. In 
this respect, however, much of his labour has been 
spent in vain; particularly that which has been em- 
ployed in the resolution of the above- mentioned 
problems. These have hitherto evaded every re- 
search, though they have engaged the attention, 
and exercised the talents of the greatest mathema- 
ticians. 

J have shewn you, by many instances, that the 


philosophy of the ancients was neither 80 unreasona- 
en TAC 

* By the breadth of a wave, we mean the W space, AG, 

which is between the two greatest rte Or that, BD, be- 

tween the utmost depressions. 
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ble, nor so limited, as it has, often; beep ropregented. 
It does not, however, appear,; that they. were well 
versed in the science that is termed nuzed mathema- 


tics, or mathematical philosopb Ji. a science which 
CL 


consists in the application of ca 
Ng. of py Among Le, branes al (hs 
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the coi 1 than the moderns. „ Et 50 


Modern mathematicians have Aa ed theweclyes | 


able to discover the motions and penetrate into the 
elements of bodies, by the aid of geometry and cal- 
culation. By the assistance of these 55 they 
conceived it was possible to investigate the nature of 

fluids, discover the working of the parts, and the 
action of those bete 5 particles which go to 
constitute a fluid; particles which, at the same time, 
are as it were united and separated, dependent and 
independent one of the other. Notwithstanding, 
however, the aid of geometry and the fluxionary 
| na they have made little or no progress in the 


nowledge of the resistance of fluids. The desire 


of using calculation has determined their principles; 
whereas their first business should have been to have 
examined these principles by experiment and obser- 
vation, instead of bending and twisting experiments 
to make them aber ient to the powers of calcu- 
lation. 

Newton, to whom philosophy and geometry are 
so much indebted, was the first who undertook to 
determine, on mechanical principles, the resistance 
a body meets with when moving in a fluid medium. 
Unfortunately for science his labours were not suc- 
cessful. His first theory consists of ingenious re- 
searches, they may awaken curiosity, but which are 
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"not applicable to nature; his second, though more 
conformable to the nature of fluids, is too compli- 
cated, and subjected to too many difficultics, to be 


reduced to practice.“ 
Since his time, many able geometricians Jive en- 
deavoured to render this theory more perfect; among 


these, we are to reckon Bernoꝛtilli, Alembert, and 


Euler, who have made upon this subject the most 


profound researches, but which are too complicated 


for- practice. New experiments were afterwards 


made by these gentlemen, which were so far from 
according with the theory, that the contradieted 


some of its most important rules. M. Bossut and 
Borda endeavoured in vain to solve these difficulties, 
and remove these contradictions. 

In 1775, Messrs. d' Alemberi, Codorces, and- Bos- 
gut, instituted by order of Ke a set of expe- 
riments on the impact of fluids, which they have 


published i in a vel on that subject: after a number 5 
of experiments, they were obliged to confess, that 


the generally received theory was found to be es- 


sentially defective. The importance of this subject 
is 80 great, that there is little room to doubt, that 
the society lately established for promoting the 
branches of science relative to naval affairs, will find 


means to extricate this part from its present oppro- 
brious state. 


Though the theo Aer by Sir aac Newton 


is confessedly imperfect, as another and more perfect 


one has not . established, it will be necessary to 
give Per a short account of its principles. 185 


y cannot move forward in water or any other 


fluid, without removing the parts of the fluid which 


lie Wenne it out of ihe 5 8 but as these e 


i 


* K. . 
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1 


been of this, ah tha; 0 of rat, Ruler, and . 
d" Alambort, particularly those of the latter, Who is Justly ONO 1 
Hs of the first among modern mathematicians... 
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-possess that general property ol matter, Which is 
called their inertia, this resistance will be made by 


the most perfect as well as the most imperfect fluid, 
by air as well as by liquid honey: | For, if a body 
move in a fluid, it must give motion to à certain 


quantity of that fluid, and the re- action of that quan- 


ty will destroy. part of the motion of that body. 
But by displacing the fluid, and communicating 

motion, it loses an equal quantity of its own moon, 

from whence we obtain some idea of the resistance of 


the fluid; much here will, however, depend on the 
form, magnitude, &c. of the moving body, and the 


velocity of its motion; for a greater body will dis- 
place a greater quantity of the fluid than a smaller 
one, every thing else being the same; and the 
greater the velocity wherewith a body moves in a 


fluid, the more motion will be communicated 11 1 80 | 


and consequently lost to the body, 
There is another cause of resistance, which arises 
from the tenacity of the parts of a fluid; for, as a 
body cannot move forward in a fluid, till the parts 
that lie before it are removed out of the way, the 
adhesion or aer must necegearily resist its mo- 


tion. 


There is a third cause of resistance, Aua is, the 


friction of the body against the particles of a fluid; . 


but this, from the nature of fluids, is deemed to be 
very inconsiderable. | 

The resistance will also depend on the fluid $ 
density, every thing else being the same; for, it is 
manifest, that it will require more force to displace 


a given quantity of mercury than the same quantity 


of water, and a quantity of water than an equal 
quantity of air. „ 31000 „ 

But the principal resistance 15585 fluids give to 
bodies in motion, is supposed to arise from the iner- 
tia of their parts, and this depends on the veloeity 
of the moving body; and har for two reasons. In 
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the first place, the quantity of fluid moved out of its 
place, in any determinate space of time, must be 
greater in proportion as the body moves with greater 
velocity through the fluid. And, in the next place, 
the velocity with which each particle of the fluid is 
moved, will also be proportional to- the velocity of 
the body; for, it communicates a greater or less 
quantity of motion to each partiele in proportion to 


the velocity of its motion, and will therefore be 


resisted on this account also in the proportion of the 


velocity. Since the resistance which any body makes 


against being put in motion, is proportional both to 
the quantity of matter moved, and the velocity it is 
moved with; but as the resistance of a fluid is as the 
velocity of the body moving therein, it will be doubly 
increased: 1. Because the quantity of particles 
moved is as the velocity of the moving body. 2. Be- 


cause the resistance arising from a given number of 
particles is also as the velocity of the moving body. 
Therefore the resistance is considered as einge in a 


duplicate proportion of the velocity of à moving 
body, or as the square thereof. 


A cylinder moving in a fluid, in the direction of 


its axis, is resisted by a force equal to-the weight of 
a column of a fluid, the base of which is the base of 


a cylinder, and altitude equal to the space through 
which a body must fall freely from rest to acquire 


the velocity of the cylinder's motion. | 


A sphere moving in a fluid is opposed by a resis- 
tance, which is to the force which resists a cylinder 
moving in the direction of its axis with the same 


velocity, in the proportion of 1 to 2. 1 
Two suppositions are generally taken for granted, 


in proving the propositions on the resistance of 


fluids: 1. That the fluid in which the body moves 
is so compressed, that its pressure on every part of 
the moving bodies shall be the same as when they 


are at rest. 2, That the hinder parts of the solid 
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contribute nothing to the resistance, which will be 
the same as if the anterior part only were exposed to 
the fluid. This last supposition is not admissible, 
for the hinder part of most solids contribute to lessen 
the resistance by the power it receives from the re- 
turning curves of the fluid. | 

The theory of resistances opposed to bodies moy- 


ing in perfect fluids, could not even be demonstrated 


by Sir Isaac Newton, but under certain conditions 
and restrictions. 
1. The particles of fluid whereln the bodies move 
are supposed to be perfectly non-elastic. 
2. The fluid is imagined to be infinitely com- 
pressed. 


The second condiot 3 18 allowed not to obtain i in 


any fluid whatsoever, and it is doubted whether the 


first is strietly applicable even to the most perfect 
known fluids. 

It is certain, that the resistance of fluids depends 
on the cohesion, tenacity, and friction, as well as the 
inertia of the matter moved; but the illustrious 
author of the theory, here slightly touched upon, 
considered the geometrical estimation of these cir- 
cumstances as of no use in physical inquiries. He 
therefore chiefly noticed the properties of retarda- 
tion, which bodies suffer when moving through 
fluids, the cohesion and friction among whose parts 
were in a physical sense evanescent. 

The Lectures on hydrostatics, &c. like every 


other part of philosophy, serve to shew you the 


weakness and imperfection of human knowledge, 
and how ignorant. we are of those subjects in which 
we are deeply interested, and with which we are 
continually engaged; they also shew us how long 
human mgenuity ＋ the exercised, without improv- 
ing the science on which it is exercised. In every 
other part of natural science new discoveries are 
made, and new. phenomena are brought to view, 
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which enlarge the neren of knowledge, though 
they, convince us of greater objetts and numerous 
phenomena that remain concealed from our obser- 


vation; but in hydrostatics and hydraulics, little that 


is new has been discovered, and a general shade of 
ignorance seems to be cast over the whole science. 


The Lectures on hydrostatics and hydraulics 


clearly shew, that *. modern philosophers err 
much, who, in zeal for the honour and perfection 
of their favourite study, contend that almost every 


thing in physics is demonstrable; not considering 


how far a mathematical conclusion will extend, and 
how far not; and forgetting that hypothetical forces 
will afford them as much matter to work on, as those 
that are real. 

« To make a ee progress in natural phi- 
losophy, you should be very attentive to the nature 


of physical truth. Experiments, which are the basis 


ns — of all sound philosophy, though chosen 
with propriety, and made with the utmost accuracy, 
are incapable of penetrating into the real essences of 


things. They can only inform the senses of some of 
the apparent qualities of bodies, and enable us to 
investigate some of the secondary or physical causes; 
and sometimes they do not reach so far, and we learn 


nothing but the bare phenomena or effects.. 
Man has before him all nature, the whole world 
with which he is surrounded for the object of his 
view, and the subject of his consideration; but his 
capacity is so circumscribed, his knowledge 80 
Straightened, and his powers so limited, that he can 


by no means conceive the mechanism of so vast and 


complicate a structure. No experiments can shew 
him the internal frame of any one part; the compo- 
nent elements thereof escape his sight through their 
minuteness; the heavenly bodies, be they ever 30 


large, are too remote for his introspection. 
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So that our views of nature are like the map of an 


N country, where you see rivers without any 
sources continually discharging their waters without 


a sea to receive them; roads that you know not 
whence they come, nor whither they go; mountains, 
forests, and plains, cut off in the middle by the mar- 


ginal lines of the paper: but, even of those things 


which we know well, there is much that surpasses 


the extent of our faculties, We know the sun 


stands still, and that the earth rolls round him with 
inconceivable rapidity; yet to think of the stately ö 
fabrics, the spacious cities, the seated mountains; the 
brimming ocean, and the universal quiescence of a 


still evening, rushing forward with such incessant 


impetuosity, is an idea too unwieldy for our imagi- 


nation; we know fire only dissipates, but does not 


destroy, yet we currently talk of its drying up, con- 


suming, and destroying. We know matter to be 
inert and senseless, and yet we ascribe force to pstorms 


and inundations, activity to spirituous liquors and 
drugs, inclemency to scasons, kindliness to dews, 


benignity to vernal gleams; giving bodies these and 


other powers belonging to ourselves. Thus, where- 
ever we turn our view, we find in science no reason 


for boasting, no foundation for pride. 


This visible world in which we are placed, when 


carefully viewed and examined by the enlightened 
powers of the human understanding, proclaims, in- 


deed, the power, wisdom, and mercy of the eternal 


Godhead. His invisible glories are somewhat repre- 
sented to us by the things that are seen; the sun, 
beaming forth light and life to our system, proclaims 


in language known to all. his Maker's sacred glory, 
whose power supplies the never-failing fountain with 


its endless heat and light. When we consider the 


great and wide ocean, as carried orderly round in its 


daily revolutions, how are we astonished at te power 
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that guides the tremendous mass? How mighty are 
the words that say, © 'Thus far shalt thou go, and no 
farther?” How powerful the arm that keeps within 
bounds its tumultuous workings, and that directs it 
in the beautiful regularity of its course? Who can 
refrain from falling down with reverential silence, 


when he considers the magnificent structure of the 


universe? Yet, how small a part of the great things 
around us can be taken in by our limited faculties? 
We see enough to surprize us; the great visible ef- 
feets proclaim the majesty of the Invisible Cause; 
further than this they do not, they cannot go. 

No other eye than the Divine is equal to the view 
of nature; and no mind, less than that of the Great 
Designer, is able to perceive with perfect clearness 


the uniformity of the design, amidst the vast variety 


of parts that are to outward appearance so dissimilar 
and heterogeneous. There 1s nothing in which the 
nature of man prides itself so much, as in superior 
knowledge and wisdom; and yet how low is the 
point to whieh human knowledge can ascend! In 


the objects that surround us, in subjects in which 


we are most nearly interested, how small is the part 
we can discover! The best directed and most suc- 
cessful researches only inform us how little is known, 
and give ũs no cause to be satisfied with the disco. 
veries they have mage, en e 
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Or the various branches: of science cultivated by 


| mankind, r is one of the most important and 
culties are enlarged by the grand 


most useful; our 
ideas it conveys, and the mind is exalted above the 
contracted prejudices of the vulgar and illiterate. 
It explains to you the laws or rules that govern 


and direct the motions of the heavenly host, and by 
which the Almighty carries on and continues the 


wonderful harmony, order, and connexion, observ- 
able throughout the planetary system; it enables us 
to discover the size of the planets, and determine 


their respective distances. By the knowledge de- 
rived from this science, we discover also the bulk 
of the earth, and ascertain the situation and extent 


the countries and kingdoms into which it is di- 
vided; by aiding the navigator, and facilitating his 


Passage through the trackless ocean, trade and com- 


merce are carried on to the remotest parts of the 
world, and the various products of the several coun- 
tries are distributed for the health, comfort, and con- 
venience of its different inhabitants. | 


There can be little or no occasion to excite your 


attention to the wonders — exhibited in the 


heavens; the magnificent objec s you there dis- 


cover, forcibly awaken the idea their Author, by 
presenting the most striking instances of his power 
and his glory, It is towards heaven you turn your 

nite 
goodness and power, from whom alone it can be 
received. No one, indeed, can view the immense 
expanse of heaven, without being struck with ad- 
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miration at the variety of bodics, apparently in mo- 
tion, with which that expanse is adorned; at the 
uniformity and regularity with which they seem to 
move from one part of the heavens to the other, 
always keeping within a certain limit, and pointing 
out by their different situations the different seasons 
of the year, and diffusing the various degrees of heat 
and hght necessary for the preservation of animal 
and ene life. | 


GENERAL PRINCIPLES OF ASTRONOMY. 


of the various phenomena that offer chemnelves 
for your observation, the most obvious is the diurnal 
motion, or that which seems to be common to the 
whole heavens, and which is PE" in twenty- 
four hours. 


Of the moving bodies, the sun is the first that | 


engages our attention, not only on account of his 
almost infinite superiority over the rest, but because 
of our own more immediate dependence on him. 
In common with the other celestial bodies, he has 
an apparent motion from east to west; for we see 
him every day rising in the east, toppin il the sky as 
it were archways, then descending till he sets in 
the west. 


If you consider the hrs; you will find that the 


greater part rise and set every day; and after a few 


days observation you will conchude, that the stars have 


a motion common to all, by which they are carried 
round the earth in twenty-four hours. 

If, in order to consider more attentively the eir- 
cumstances of this diurnal motion, you place your-, 
self in an elevated situation, you will perceive a 
circle terminating your” view on all sides by the 
meeting, or apparent meeting, of the heaven and 
earth; your day and night depend upon it, it pre- 
seribes to every star in heaven the race chat it has 
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to run, and bounds your view 80 3 that 


you can neither see whence they rise, or whither 
they tend. This cirele is called the Horizon, it di- 
vides the heavens into two parts; but that part 
alone which is above the horizon is visible, and as 
this part appears to us under the ſorm of a concave 
hemisphere, it is usually termed the visible hemispliere. 

On considering with attention for one or more 
nights the motion of the stars, you will find each 
star describing a cirele in about twenty-four hours; 


those stars that are most northward, describe mm 


circles than those that are more to the south; 

will find the circles described by different stars di- 
minishing gradually, till they are lost and con- 
founded in one point, that is called the pole of the 
world. To be more particular, if you look to- 
wards the south, you will observe some stars just 
appearing above the horizon, grazing this circle, 


but not rising above it, and then vanishing; ob- 


serve a group a little farther from the south, and 
you will find them rise above the horizon, making 
a _ arc, and then going down; take another 

oup still more distant from the south, and you 


will find these describing a larger arc, and taking 


a longer time to go down. Turn now your face to 


ths north, and you will find some that just skim 
. the horizon, mount to the top of the heaven and 


then descend, and again touch the horizon and 
mount again without ever disappearing; others that 


are higher than these, describe complete circles in- 


the sky, without touching the horizon, and these 


circles diminish till at last you arrive at a star that 


seems $scarce to move from the point where it is sta- 
tioned, the rest ,wheeling. round it; and you will 


find this course to be performed i in about ret ner 


hours. 


To form clear ideas in astronomy, it is necessary 
ſor you to learn how to discover or distinguish the 
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pole of the world, or the place in the starry beaven 


corresponding thereto. The star, you have already 
discovered, round which the others wheel, is very 


near the pole, and from hence has been called the 


polar” star; it never departs from its situation, and 
every hour of the day, and every season of the year, 
is to be found in the same place,“ uniformly main- 
taining its position. Now, as there is one star 
motionless at one end of the axis, there must un- 
doubtedly be some point motonless, at the other end 
of the axis. 


The general appearance, therefore; of th e sterry 


Heavens, is that of a vast concave sphere turning 
round two fixed points (diametrically opposite to each 


other, the one in the north, and the other in the 


Wr once in twenty-four kours: 


This pole-star is more or less elevated, according 


to the part of the earth from which it is viewed; 


thus, more northward, as at Lapland, it is much 
more elevated above the horizon than with us. If 
you go southwards, it is lower than with us; we see 
it more elevated than the inhabitants of Spain, and 
these agnin see it more elevated than those of Bar- 
bary. By continually travelling southward, you 
would see the pole star depressed to the borizon, and 


the other pole would appear in the south part of the 


horizon, round which the stars in that part would 
revolve. There is, however, no star in the southern 
hemisphere so near the pole as that in the northern. 
If you were still to travel onward to the south, the 
north pole would disappear, and the whole hemis- 
phere would appear to turn round a single point in 
the south, as the northern bemisphere appears to turn 
round the be star. 


* © This i is 1 in 1 to the appearance of: the object, 
for though this remarkable star revolves round the pole, its motion 
is so slow, and the circle it describes so small, as to render both the 
revolution and the chünge of situation hardly perceivable. 
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Here, however, it may be proper to observe, that 
what we call the sh, in which the heavenly bodies 
seem as it were to be fixed, is no real substance. 
If there was no atmosphere surrounding our earth, 


whose particles might reflect other rays of light to 


our eyes, than those which come directly from the 
sun, all parts of the heavens, even at mid-day, would 
be dark, and the stars be visible at noon. But as 
our atmosphere abounds with particles capable of 

reflecting light every way, some of it will fall upon 
our eyes whithersoever they are directed; from the 
nature of this reflexion, we-receive the idea of co- 


lour, and the mind immediately imagines à substance 


wherein it may reside; in the same manner, the re- 
gular reflexion of light from an object in a looking- 
glass, is combined by the mind into an image of 
that object. Mr. de Saussure, when at the top of 
Mount Blanc, in Savoy, a mountain which is ele- 
vated 15673 feet perpendicularly above the sea, and 
where, consequently, the atmosphere must þe much 
rarer than ours, says, that the moon shone with the 
brightest splendor in the midst of a sky as dark as 
ebony, while Jupiter, rayed like the sun, rose from 
bebind the mountains in the east. e 


The polar star may be discovered by a continual 


attention to the motions of the stars, as already 
described; but there is a readier method, by at- 


tending to those stars that the country people call 


the waggon and horses, but that astronomers call 
the great bear. It consists of seven very conspi- 
cuous stars: four of these make a kind of square; 
prolong a straight line through the two which are 
farthest from the three out of the square, and it 


will at last reach a solitary star, which, from its 


vicinity to the pole, is called the pole star. In early 
ages mariners had no other guide for their wander- 


ing vessel; by this they formed their observations, 


and regulated their voyage, When this was for a 
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length of time obscured by clouds, they were be- 
wildered in the, watery waste, and knew not where 


they advanced, nor. whither they should steer; but 
wben this auspicious star broke throughthe, gloom, 
they- re- assumed with alaerity the management of 
the helm, and shaped their course with tolerable sa- 


tisfaction and certainty. It may be proper to ob- 


serve to you, that the polar, star is always on the 

zame side of; the square wah the star maked a on the 
celestial globe, or, which is the ache thing, on the 
convex: side of the bear's tail.“ Nutten 

Knowing the pole star, you will be. able: to dit 
tin guish the cardinal points, the north, south, east, 
and wes, I. The north, the side to which you are 
turned when yon look at the pole. 2. The south, 
the opposite side, or that in which the sun appears 
in the middle of the day. 3. The east, the side on 
which the sun appears to rise. 4. The west, that 


side on which the sun seems to set. The east is on 
the right hand when you look at the pole, and the 


west on the left. The east and west points are placed 


exactly at equal distance, or at right angles, from 


the north and south. 
The ancients, in Homer's time, 1 the ho- 


rizon into four cardinal points; afterwards they reck- 


oned twelve; but in Plays time the common di- 
vision was into eight points. The earliest division 
known to the ancients being the four cardinal points, 


east, west, north, and south, winds were said to blow 


from that point to which they were nearest. Thus, 
the east wind is said © to have brought the locusts in 


Egypt, though it was probably a north-east wind. 


The horizon is now subdivided into thirty-two points, 
which are usually termed 2% points of the compass; 


— the compass shews in what pant of the com- 


pass these points are situated. 


* Upon referring to a celestial globe, it will be seen that the 
two foremost stars in the Great Bear always point to the * star, 
and have therefore been called pointers. EDIT. 
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In considering the heavens; astronomers find it 
netess spy to speak of a point supposed to be direvtiy 
over our heads, and this point they eall the Senitß: 
it is the point where the thread of a phimb-lins 


would meet the: beavens, were it sufficienely ex- 


tended. 2104 Mi 1 fan A AMIS; Y 6. * A 
The zonith, bali the most t eleresd point of 
the heavens; is always ninety degrees, ora quarter 
"oſrons'everytjpart of the horizon. If a 
star; therefore; berfound'sixty degrees uboye | the ho- 
rizon, it will be thirty Negroes from the zenith; be- 
cause sixty and thirty make the 'Hinety, that is, the 
distance from the horizon to the zenith! In future, 
therefore, I may say, that the height or altitude of a 
star is the complement of its distance from the zenith, 
because the complement of an arc is what it wants 


of ninety degrees. U 


The nadir is the lowest point of the colential 
sphere; that which is directly under our feet, or op- 
posite to the zenith, and towards which the plumb- 
line directs itself by. its natural gravity. 

The zenith and nadir being directly eppes to 


cach other, if you conceive a cirele making the 


whole tour of the heavens, and passing through the 
zenith and nadir, there ill be one hundred and 
eighty degrees, or a semicircle on each side. All 
circles 8 through the zenith and nadir are 
called vertical circles, because the line through which 
a plumb-line passes is called a vertical line. The al- 
titude of objects above the horizon is estimated by 
these vertical circles, = * 

Whenever you consider the heavens mae any 
elevated situation, you naturally conceive, that as 
there is à hemisphere above, there is also another 
beneath; though invisible; and that, of course, the 
horizon is a great circle-of the sphere, dividing the 


concave heaven into two, parts, the visible above, 


the inbisible Nester anch ea that this 


cirole 


OP ASTRONOMY. | 529 


circle determities the oY and setting of erery ce- 
lestial body. | 

The earth being, as I Shall hereafter prove to you, 

a spherical body, the horizon, or limit of our view, 
must change as we change our situation; every 
place upon the earth, every particular observer, has 
a different horizon. Thus, to an observer placed 
at a, plate 3, fig. 2, the horizon is GC; but if he 
removes to b, bis horizon will be HD. 

As one pole supposes another, the south pole i is 
directly opposed to the other, and as much below 
the horizon as the north pole 1 is above it: the north 
pole at London is about 51* 30' above the horizon. 
These two poles are the extremities of a line going 
from one to the other, through the center of the 7 
earth. This line 1s called the axis of the world; it 
is about this line that the whole heavens Seem to turn 
every day. | 

Knowing the two extremities of the axis, it is 
easy to conceive a wheel or circle in the middle, 
between the two poles or extremities, and this will 
be the equator. To understand this more clearly, 
T'must refer you to a diagram. Let HPZER, plate 
3, fig. 5, represent a vertical circle, passing through 

| the two poles, P the north pole, R the south pole, 
PR the axis of the world; then the line, Ed, will 
represent the diameter of the equator, or of a circle- 
at equal distances from the two poles, and whose 
plane is perpendicular to the axis, as a wheel is 
perpendicular to its axle- tree. You are therefore 

to conceive in the heav ens a circle exactly between 

the two poles, and at right angles to the axis of the 
world, This was indee: the Fo circle 5 the an- 
cient astronomers | imagined, and to which the 
Egyptians and Chaldeans referred all the stars, even 


as far back as the time of Herodotus, 450 years 
before Christ. 
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The equator being at equal distances from the | 


two poles, you may either say, that the sphere, with 
its equator, turns about the axis PR, or about the 
poles P and R of the equator. 5 

As we call the points, P and R, [Fu ay of the 


by Equator, because they are every where equally dis- 


tant from the equator; so we also call, in general, 


Poles of any circle those two points of the sphere 


which are at the greatest distance from this circle, 
and which are situated in a line perpendicular to 
the plane of the circle, and be nal through its 


center. Thus the zenith is the pole of the ho- 
rizon: it is the same with every other circle; the 


pole thereof is always ninety degrees thereſrom in 


| every direction. 


The line which passes through the two poles of 
Aa cirele, 1s called in general the axis of this circle; 
for instance, the vertical line is the axis of the ho- 
rizon. You are not to confound the axis with the 


diameter of a circle, they are two things altogether 


different; the diameter is drawn in the plane of 
the cirele, but the axis is elevated on both sides the 


eircle, and at right angles thereto, out of the plane 


of the circle, and having but one point common 
with the axis, that is, the center through which the 


axis passes. 


Leet us for a moment now retum to the sun, 
whose influence extends over every thing round 
about us. The rising and setting of the sun are 
two events which form, asit were, every day two 
remarkable and interesting eppchas; they are the 
first and most obvious phenomena that we notice. 
He every day seems to describe a circle in the hea- 
vens, moving from east to west. He rises in the 
east, and all the attendants of night gradually dis- 
appear, or sink from his presence. Nature wakes 


at his call, and his far-extended beams discoyer ta 


-- 


\ 
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our eyes'all her variegated beauties. He mounts to 
the highest point of the circle, in which he moves, 
and then descends to the west, when the lamps of 
heaven again illumine the divine scene of night. 
After having examined each day the points where 
ths sun rises and sets, you would naturally call the 


highest point in the sky to which the sun rose, and 
from whence he began to descend again, the h 


day point. By extending this point over your head, 
you would trace in imagination another eirele round 


the globe, and call it the meridian of your place. 


If you notice in the same manner the stars which 
rise and set; du will find that they are at their 
greatest beight in the middle of the interval be- 


tween their rising and setting, though their altitudes 


may be different; they are then also said to be on 
the meridian. | eu 


A circle, as PZ R H. plate 3, fe. 5, passing 


through the zenith, the nadir, and the poles, is the 
meridian, It is thus named, as I have observed, 


because when the sun is upon this circle, it is mid- 
day. Every point of this circle is equally distant 


from the horizon; that is, as far from the east side 
as from the west side. The stars are in the me- 
ridian twice in the course of their diurnal motion; 


once above the horizon, and once when they ar- 


rive at the lower half thereof, under the horizon. 


Their diurnal motion may therefore be divided into 


four parts; one from the time of their rising to 


2 ©. & 


their arrival on the meridian; from this to their 
setting; thence to their reaching the lower meri- 
dian; and, lastly, from thence to their rising again 


* 


of London, is a different one from that of London. 
If you travel east or west, you change your meridian 


by a quantity equal to that which you have advanced 


towards the east or west; for your meridian, at 
: ; | L | 2 „ 


The meridian of a country situated east or west 
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every change of situation, passes through" a new 
zenith, and the poles of the world. Thus Rome is 
about 12% 34 east of London, and consequently the 


meridian of Rome differs 12* 34“ from that of Pon. 


don. There is but one method of changing your 
situation without changing your meridian; which is, 
to go directly north or Guth, r is, towards es 
of the poles. 1 

Every place 1s cuppozed to hive a mertdiag pee 9 
over its zenith, and going e the poles of the 


world. All the meridians therefore meet, and in- 


tersect each other, at the poles. They are all at 
right angles to the equator; and che equator, be- 
cause it is every where ft an equal distance from 
the poles, divides every meridian into two equal parts. 

Jou have now established three circles in the ce- 
lestial sphere, to which you may refer all the stars 
you observe. These circles, though in themselves 
imaginary, will become, as it were, fixed points ſor 
your observations. The horizon is the. first cirele 


which you must use; not only as it distinguishes 


night from day, and the rising and setting of all the 
- heavenly bodies, but as the higher and farther they 
are elevated above the horizon, the longer they stay 
with us; their elevation above it became one of the 
first objects of an astronomer's attention: this was one 
of hs" means 125 bien, ** could refer wan to ths 
horizon. 

To this end, suppose a circle rising nevpepdion: 
larly out of the horizon, passing through the star, 
and going up to a point directly over your head, or 
to your zenith. Upon this circle you may, by the 
* of your quadrant, reckon how many degrees it 

rom the horizon; and this is called its altitude or 


hole t. The circle upon which I count the degrees 
hy. is called a vertical circle, because it stands 


perpendicular to the horizon, and passes through the 
8 


4 
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© » Thus, let B D, plate 14, ig. 89 represent 4 qual 


rant whose > Cireumferenec is divided into go degrees. 


Place one of the sides vertically by the means of a 
plumb- line; place the eye at the center O; observe 
what point, C, on the cireumference of the quadrant, 
corresponds with the star, and the number of de- 
grees between D and C will be the altitude of the 


star above the horizon! For instance, if the are, 


DC, is the half of B D on the small instrument, the 
celestial arc, AR, will be also the half of: Z R, both 


one and the other will he forty-five degrees; but as 


the measure of angles by a quadrant, or some other 
3 is the basis of astronomy, it will be ne- 
cessary here to enter somewhat fully into the nature 
thereof, before we 1 fapther!? in our Og” 


tion of the heavens, om v3 lo beten 
I 160} 499152000} eee "IR. OT FR, "or; 


FE Sor TAE ; a5ROFOMICAL @UADRANT: 
3 


Tbolemall quadrant before you, olds; Ar? 15 Wy 


is a very simple and useful instrument. With it 
you may not only perform a great number of interest- 
ing and entertaining prablems,* but may also attain 
a good idea of practical astronoſ yy. 

Every circle is supposed, by geomstriciuns nd 
astronomers, to be divided into 360 parts or degrees; 
ninety. degrees, therefore, or one-fourth. part of a 
circle, will he sufficient to measure all ace formed 
between a line perpendicular to the horizon, and 
other lines which are not directed to yoo below 
the horizon. YA ' 


An angle is the opening Pert two lines, which 7 


touch oge another in a point. In deseribing the 
extent of an angle, regard is not to be had to the 
length of the lines, but to the width of their opening. 
200! is easily illustrated by a pair of een the 


* See my Eras on Astronomy, Ke. Third Edition, 8vo. 1795, 
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legs of this instrument will represent the rides of 
the angle, and the joint the vertex of the angle. 
With the same pair of compasses it is possible to 
form a great bo - of angles, by opening them to 
different widths; or the angle that is formed by 
the legs differs in proportion to that opening, and 
its quantity is greater in taller. as the y are 
placed farther asunder, an smaller as ems are 
brought nearer together. 

* Suppose an arc of a circle to be placed in tuell a a 
manner as to be passed over by these points, then 
the opening or angle will be int proportion to the 
part of the are that is passed over; and if the whole 
circle be divided into any number of equal arts, as, 


for example, 360, the number of these will denote 


the magnitude of the angle. R045 1; 2044 bÞ. 7. 
But here you are carefully to observe, that the 
angle is neither enlar rged nor diminished by any 
change in the length of the legs, provided their po- 
sition remains unaltered; because it is the inclination 


of their legs, or the space between them, not their 


length, which constitutes the angle; for, with the 
same opening, the imagination may ene the 
length into indefinite space. 8 

So that if a pair of compasses, with very long 
legs, were opened to the same angle as another 
smaller pair, the intervals between their respective 
points would be very different; but the number of 
degrees on the circles supposed to be applied to each 
would be equal, because the degrees themselves, on 
the small circle, would be exactly proportioned to 


the shortness of the legs. It is owing to this prin- 


ciple, plain, easy, and simple, as it is, that we are 
able to measure out the whole expanse of the uni- 
verse, and give its place to every point in the sky, 
and to measure the arcs of those vast circles that we 
have imagined in the heavens: for the arcs of the 
two circles, though very different in their absolute 


J won ge kg OO cd rand fern Ps OD 


size, "Would be altagethier the same in their 7 elative 


dimensions; that is, the smaller would contain just 


as many of the 360 degrees as the larger; they would 
both be arcs of the same quantity in proportion to 
the general division of à circle. Though you do not, 


by this means, obtain q real measure, it enables you 


to settle the comparatiye distance bedween every ob- 
ject in heaven. 


For instance, that stur we see in the zenith, rose f 


in the east, and has now run one quarter of its circle. 
This I may express by cayinig, it has assed through 
ninety degrees, one fourth of 360. That other star, 
between the horizon and the zenith, is elevated forty- 
five «x, 255 | 


2 DESCRIPTION OP THE QUADRANT. 


Every circle being supposed to be divided into 
360 equal parts or degrees, it is evident that ninety 
degrees; or one fourth part of a circle, will be suf- 
ficient to measure all angles formed between a line 
perpendicular to the horizon, and other lines which 
are not directed to points below the level. We have. 
here a very simple and useful instrument of this kind, 
plate 14, fig. 1. AB C eis a quadrant mounted on 
an axis and pedestal: by means of the axis, it may 
be immediately placed in any vertical position, and 
the pedestal being moveable in the axis of the circle 
E F, at bottom, serves to place it in the direction of 
any azimuth, or towards any point of the compass. 
The limb, AB, i is divided into degrees and halves, 


numbered from A; and upon the radius, B C, are 


fixed two sights, of which, the one on B is perforated 
with a small hole, and is provided with a dark glass, to 


defend the eye from the sun's light; and the other 
sight, on C, bas a large hole, furnished with cross wires, 


and also a smaller, which is of use to take the sun's 
altitude, by the projection of the bright image of 


_ : 
x 
. : . IS _— 
! n OI IO IIS 


Ree Ion TT OE EY EEC ICE IIS 
8 r TY — — 2 * a * ” 
— ae P c > A \ 
T — 2 5 


* 2 . = * = — wr — 42 
* — - e — - 
— — g 2 — OE LG IG I en Io . — —— — I 
2 2 7 — — — » — 2 — — n — cr * Gow — 5 1 r 2 =. 2 
— — Oe Ou — 9 I 3 = WS og 32. pr — oy A — 2 2 
ꝙ222 . — Pay Pony 8 — 7 — — er IE _— 1 I 
——— 4 K « — — > 7 — = — >» * _- — 8 CY 


176 
H i 
8 
[+ 
STE 
74 
, j 
3 
1 
16 
Ni 
y £3 
99 
SUIT 
7 
K © 
$457 
x 
LHR 
177 
117 1 
einn 
Jie 
1 
F 


536 DESCRIPTION OF THE QUADRANT, 


that luminary upon the opposite sight. From the 


center, C, hangs a plumb-line CP. The horizontal 
circle, F E, is divided into four quadrants of ninety 
degrees; and the arm E, connected with the pe- 
destal, moves along the limb, and consequently 
shews the position of the place of the quadrant, as 
will hereafter be more minutely explained. Lastly, 
the screws, G, H, I, render it very easy to set the 
whole instrument steadily and accurately in its proper 
position, notwithstanding any irregularity in the 


* 


table or stand it may be placed upon. 


= 


obyious. It is used to measure the angular distance 


of any body, or appearance, either from the zenith 


or point immediately above our heads, or from the 
horizon or level. The plumb-line CP, if conti- 
nued upwards from C, would be directed to the ze- 
nith Z; and the line C L, supposed to be drawn from 
the center of the quadrant to an object L, will form 
an angle L CZ, which is the zenith distance, and is 


equal to the angle BCP, formed between the op- 


posite parts of the same lines. We see, therefore, 
that the degrees on the arc, comprehended on the 
limb of the quadrant, between the plumb-line and 
en een ff rnd OBE da 

Again, the line CK, forming a right angle. with 
the perpendicular CZ, is level, or horizontal; the 
angle, LCK, must therefore be the altitude or eleva- 
tion of L above the horizon; and this last angle must 
be equal to the angle measured between the plumb- 
line and the end A ſarthest from the eye; because 
both these are equal to the quantity which would be 


extremities next the eye, measure the angle of the 


left, after taking the zenith distance from a right 


angle, or the whole quadrant. 


. ” 
* 


The determination of the altitude or zenith dis- 


tance of an object is not sufficient to ascertain its 
place, because the object may be placed in any di- 


The rationale of this instrument is very clear and 
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rection with respect to the azimuth, or the points of 


the compass, without increase or diminution of- its 
altitude. Hence it is, that an horizontal graduated 


circle is a necessary addition to a quadrant, which 
is not intended to be always used in the same plane. 
The bearing or position of an object relative to 
the cardinal- points, together with the altitude, is 
sufficient to ascertain the place of any object - or 
phenomenon. FOO NUT 
7b adjust-' the quadrant: for: obrervations bi The 
qiadinn' is adjusted for observation when its plane 


continues perpendicular to the horizon, ing all posi- 
tions of the line of sight. For this purpose, bring 


the index to 90* on the horizon, and turn one or 


both of the screws which are fixed opposite 60˙, till 


the plumb- line lightly touches the plane of the quad- 
rant. Then turn the index to O, and make the 
same adjustment, by means of the screw at O, and 
the quadrant is ready for observation. „ 


Or otherwise, set the index at 0, and Abgetve 


the degree marked by the plumb-line on the limb: 
then turn the index to the other 0?, which. is dia- 


metrically e and observe the degree marked 
by the plum 
will be no occasion to alter the screws at 607 but, if 


line: if it be the same as before, th ere 


otherwise, one or both of those screws must be, turned, 
tilt the plumb-line intersects the middle degree, or 
part, between the two. After this operation, the 
degree marked by the plumb-line must be observed, 
as before, by setting the index at both the go", and 


the adjustment of the plumb-line to the middle dis- 


tance must be made at the screw at O, thing, care 
not to touch the other screws. 

The latter method of adjustment being more 
accurate in e may be used after che former, 
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170 FIND THE ALTITUDE OF THE SUN, OR ANT 
45,27” OTHER CELESTIAL BODY. | ls 
Tbe quadrant being adjusted, as it must be in 
all cases previous to its use the celestial body must 
be viewed through the sights, and the plamb-line 
will shew its altitude on the graduated limb of the 
instrument. iin 
If the observation be made on the sun, the dark 
glass must be used to defend the eye; or the luminous 
spot formed by the smaller hele of the sight, which 
carries the cross wires, must be made to fall on the 
mark on the other sight, which lies immediately be- 
neath the-gye-hole,#. 1 
CONTINUATION OF A VIEW OF THE GENERAL 
IG OO 26-9705 SP RINGEPLARS. | "= 


Let us now return to our observation on the ce- 
lestial sphere: whilst this sphere turns upon its poles, 
the points situated in the equator describe a circle, 
which is of the same size with the sphere, its center 

passing throngh the center of the sphere; but the 
points which are nearer the pole describe smaller 
circles, these are called parallels to the equator, or 
simply parallels. Every point in the heavens, that 
is not situated in the equator, describes a parallel; 
these diminish in size, in proportion as they are more 
J.. axe, 55 oO CIT os 

All these parallels are divided into equal parts by 
the meridian; thus, any star supposed on the me- 
ridian, will describe by its diurnal motion a circle 
parallel to the equator, and will be as long on one 
side of the meridian as it js on the other; this circle 


* By the addition of a small telescope, with a reflecting eye-piece, 
vernier scales to the arc and circle, rack-work and pinion to the 
arc AB, and cirele EF, &c. I have rendered this small instrument 
useful for observing angles up to the zenith, and with more ease and 
accuracy for angles in general, EDIr. . | 
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dividing the tine of the duruel reyolation 1. "1 % 
equal parts. 10 —5 
If tke Perullel Aeseflbed by the ster tp entirely 


above the horizon, you may see it pass the meridian 
twice in a day; once in that part of the meridian 


above the pole, once in that part of the meridian 


below the pole. But if part of the parallel described 
by the star be Below the horizon, you! will only. see 


it pass the meridian once in 24 hours. 
Mathematicians call all those circles on the FOE 


ſubs of the sphere, whose center passes through the 


center of the sphere, great circles; the plane of of these 
circles divides the sphere into two equal parts. The 


equator, the meridian, and the horizon, are great Gr 
cles. mull circles are those which divide the sphere 


into two unequal er ; Such are the mee of 
the equator. „ „ 


ro FixD nE HEIGHT or THE POLE BY aun dus 
5 of THE STARS, „ 


Fa ot 


The disposition of the three great ne of the 
sphere that we have fixed upon, namely, the 

tor, the horizon, and the meridian, will kebebforth 
become the basis of all your observations; and to 
these you will reſer the stars, in order to determine 


their situations and motions. The first thing, there- 


fore, we ought to do, is to discover the reciprocal 


situation of these circles: 1. The situation of the 
equator with respect to our horizon. 2. The eleva- 
tion of the pole. 3. The cleyation of the r at 


the meridian, or south point. 


If the north or pole star, of which we have already 


spoken, had been precisely and accurately situated 
at the pole of the world, it would have bèen a sure 


and permanent mark, and you would have had no- 
thing more than to have taken the altitude of this 
star to have obtained that of the pole; but this star 
is two degrees distant from the pole. To the * 
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eye, ungssisted with instruments, this; difference. is 
8carcely e but, with instruments, and by 


attentive i de it is found to deseribe a small 


$a e 

rect] e the pol 71 8 the middle of the; circle 
1 eing..the, pole, its place; ay; he. Sony 

7 5 ee 1 +4 ) 176g 1 ; 
pole star describing hoſt; bes: pe 2 
0 8 55 2? ch from the pole, there will be 4? 
difference between, the altitude of this star, when it 
8 ML e point cf its circle, and when it is in 
lowest.. int, being. 2% on each side the pole. If, 
ene . 


he ae be 19057 when it! is in both 
_ Situations, | 


yon must subtract 2 superior altitude, and 
880 tro. 19 h lower; thus, if the altitude had been 
served at London first to be 5357 32, and then 
49" 32”, the difference is 45, the half of which added 
3 198295 32 or subtracted from 53” 32 . gives 51" 32, 
Altitude of the pole at London; or you may add 
85 two heights together, and take the half. The 
| cleyation., of the pole may, be discovered-in the same 
mengen by any other, of the circumpolar stars. 
The elevation of 'the pole being discovered, you 
thereby obtain that of the equator. Thus, in the 
iagram. before you, plate 3, Vg. 5, P represents the 
pole, and EQ the equator, HO the horizon, PH 
there elevation of the pole, Z the zenith: HZ O5 or 
the visible part of the heavens, contains twice 900 or 
180 „it eing 90² from Z to H, and 90: from Z to O; 
but it is also 90? from the pole P, to E the equitor. 
If you take away PE, there remains 90? for the other 
two arcs, or, in other words, . the elevation of the pole 
and the equator ure together equal to 9055 and the one 
being known, and subtracted from go, gives the other; 
in technical words, the glevation of the pole at any place 
is te complement of the elevation of the equator. . 


It follows from hence, that the elevation of the 


equator 1s equal to [the,gistance from the pole, to the 


50 that, though it does not 


in order on the height of the pole, 
om the 
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zenith, for the elevation of the equator is the diffe- 
rence betvein that of the pole and 90⁵⁸ the same 


elevation cen from 905 : e 5 distance | 


from the enim none i Ran at of 
For the same reason, the Ane Bet the equa 

tor to the zenith is equal to the elevation of he. 

for HZ is equal to 90˙, and PE is equal to 907 if 

therefore, you take away PZ, which is common to 

both, the n P H, ZE, must be en to 

each other. e 01}. 16 iet 
| | . A 


*, — 


| or THE APPARENT PHENOMENA oP THE 0 
/ 4+: ZH Jab 


From considering the diurnal motion which is 
common to all stars, and obvious even to those who 


have given very little attention to these subjects, 1 


shall pass on to that motion of the planets which is 

performed in a direction contrary to the danrunt re- 

volution of the stars, that is, from west to east. 
Among these, there are none 80 . as 


those of the moon; every month she changes her 


figure, and makes the tour of the heaven in' a con- 


trary direction to the general motion thereof; 80 


that, though the moon appears to rise and cet ecary 
day, like the other stars, by a motion from east to 
west, yet she seems also every day to be retarded in 


her motion, and to stay as it were behind the: stars, 


or go backwards towards the cast about 135. 1 

This motion of the moon towards the east, at the 
same time that it partakes of the general diurnal mo- 
tion, is called her periodical motion, and is so con- 
siderable, that in 27 days, the moon, which ap- 
peared near any remarkable star, separates from it, 
moving in a contrary direction: the first day it re- 


moves rather more than 13 degrees from it, the se- 


cond 26, the third 39, &c. so that in 27 days it 


completes: the 360, and meets the star on the oppo- 


site side, having made the tour of the heaven. 
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Her nightly changes in her circling orb,” is 4 
phenomenon still more striking than the preceding. 
At the new moon, as soon as sbe becomes visible, 
she is seen in the western part of the heavens, at no 
great distance from the sun, and just as it were 
emerged from his light. She increases every night 
sun, till at last she appears in the eastern part of the 
horizon, when the sun is disappearing in the western, 
rising at the same time he sets, and appearirrg with 
a full round face; equalling if not exceeding the sun 
in sige. After this, sie gradually removes further 
and further eastward, till at last she seems to ap- 
proath the sun as nearly in the east, as she did be- 
fore in the west, and rises only a little before him 
in the morning; whereas in the first part of her 
course, she set in the west along with him: This is 
a prelude to her total disappearance; and; though 
from her first appearance in the west she takes al- 
most a month to pass to the eastern part of the hea- 
vens, she seems to pass from the castern to the 
western in one or two days; for, immediately on her 
vanishing in the east, she appears again in the west, 
and very near the sun. All these different appear- 
ances happen in the space of a month, after which 
they recommence in the same manner. Some- 
times she half restores day with her waxing bright- 
ness; sometimes waning into dimness, she scarcely 
disperses the nocturnal gloom.” _ - 
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This luminary, like the sun, seems to have a mo- 
tion from north to south, but at opposite seasons; 
for, in summer time she is low in the southern part 

of the heavens, but approaches considerably nearer 

to the northern regions in winter. By her phases 

\ she divides the times and seasons; and we find that 
in early ages men were much affected with this two- 

fold consideration of the services of the moon, en- 
lightening the night, and regulating their time. I 


\ 
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need not here mention the various sacrifices, offer- 
ings, and processions in honour of Diana, Luna, 
Hecate, that 1s, of the moon under different names; 
her votaries were numerous and superstitious.. Ig- 
norant of philosophical truth, and uninstructed by 


revelation, they practised absurdities, and believed 


in lies. 


* : 
1 


OP THE SUN'S ANNUAL MOTION, AND oP THE 
: 'ECLIPTIC. 1x" 15h 


Though the periodical motion of the moon is 


quick and remarkable, yet there is still one more 


important, that is, the apparent periodic or annual 
motion of the sun; on it depend the changes of 
season, the summer's heat and winter's cold, the 
different lengths of day and night. This motion is, 
indeed, only apparent, arising from the annual mo- 
tion of the earth; at present, however, we are onl 


considering appearances, from these we shall aſter- 


wards ascend to the contemplation of the causes 
which occasion them. AIR 


A little attention will soon convince you, that the 


sun does not rise exactly at the same point of the 
heaven. Ros a ONE 
Thus, if you commence your observations of the 
sun, for instance, in the beginning of March, you 
will find him appear to rise more to the northward 
every day, to continue longer above the horizon, to 
be more vertical or higher at mid-day; this conti- 
nues till towards the end of June, when he moves 
backward in the same manner, and continues this 
retrograde motion till near the end of December, 
when he begins to move forward; and so on. 


It is this change in the sun's place that occasions 


him to rise and set in different parts of the horizon, 
at different times of the year. It is from hence that 
his height is so much greater in summer than in 
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winter. In a word, the change of the sun's place in 


the heavens is ths: cause of the different length in 


the days and nights, and the vicissitudes of the 


seasons. Sometimes we perceive him very high 
therein, as if he would come over our heads; at 


those times bis rays fall upon us with greater force, 


he continues longer visible, the earth and air are 
considerably heated, vegetables flourish and arrive 


at their perfect state, every animal seems cheerful, 


and this agreeable season we call Suνͥer. By and 
by, however, he removes farther south, his time of 
continuing, visible becomes constantly shorter arid 
Shorter, until at last it is reduced to a few hours; 


the sun is then sunk almost in the southern part of 


the heavens, the earth is covered with frost and 
snow, the air is disturbed with violent winds and 
tempests, vegetables perish, animals are benumbed 
with cold, and we call this dreary season winter. 
The intermediate season, when the sun begins to 
return towards us, and by his genial influence to 


revive the animal and vegetable world, is called 
ring. The season when he again degins to with- 


draw his influence, when fruits ripen, and vegetable 
lite begins to decay, is named autumn. 

As the knowledge of the sun's apparent motion is 
of great importance, and a proper conception of it 
absolutely necessary, in order to form a true idea of 


the phenomena of the heavens, you will excuse my 
dwelling something longer upon it. If on an eve- 
ning you notice some fixed star near the place where 


the sun sets, and observe it for several successive eve- 
nings, I will find that it approaches the sun from 
day to tall at last it will disappear, being effaced 


by: bis bebe, though but a few days before it was at 
a sufficient distance from him. That it is the sun 


whigh: apptnsches che stars, and not the stars the 
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zun, is plain, for this reason; the stars always rise 


and set every day at the same points of the horizon, 
opposite to the same terrestrial objects, and are 
always at the same distance from each other; whereas 
the sun is continually changing both the place of 
rising and setting, and its distance from the stars. 

The sun advances nearly one degree every day, 
moving from west to east, so that in 365 days you 
will see the same star near the setting sun, as you 
observed to be near him on the same day 3 in 'the 
preceding year. In other words, the sun has re- 
turned to the place from whence he set out, or made 
what we call his annual revolution. a | 

We cannot; indeed, observe the sun's motion 
among the fixed stars, because he darkens the hea- 
vens by his splendor, and effaces the feeble light of 
those stars that are in his neighbourhood; but we 
can observe the instant of his coming to the meridi- 
an, and his meridional altitude; we can also compute 
what point of the starry heaven comes to the same 
meridian, at the same time, and with the same alti- 
tude. The sun minst be at that point of the starry 
heavens thus discovered. Or we can observe that 
point in the heavens, which comes to the meridian 
at midnight, with a declination as far from the 
equator on one side as the sun's is on the other side; 
and it is evident, the sun must be in that part of the 
heavens which is diametrically opposite to this point. 
By either of these methods you may obtain a. series 
of points in the heavens through which the sun 
passes, forming a circle called the echpric. 

To combine more clearly the annual and diurnal 
motion of the sun, let us consider for a moment this 
globe; by turning it on its axis, you obtain an idea 
of the diurnal motion of the celestiat sphere. If you 
place an insect at an equal distance from the poles, 


it will turn with the globe, and describe the equator; 


if you place another nearer the poles, it will describe 
VOL, III. m 
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546 © THE SUN's ANNUAL MOTION, 


a parallel to the equator. But while the globe 5 
moving in one direction, the insect may be moving 


very slowly in another, and will thereby imitate the 


annual motion of the sun, which advances by de- 


grees towards the east, though it is carried round 


every day by the diurnal motion towards the west. 
The ecliptic, or path of the apparent annual mo- 
tion of the sun, differs in situation from the equator, 
whose situation we have already ascertained. This 
the Chaldeans first observed at Babylon, where the 
equator was elevated 54 above the horizon; now, if 
the annual path of the SUN had been in the equator, 
every day at noon the sun's altitude would have been 
54”; it was so far from this, that in summer they 


found it rise 24 above the equator, and in winter 


descend 24 degrees below it; so that his meridian 
height in summer was 78“, and only 30“ in winter; 
the ecliptic was therefore evidently differently situ- 
ated from the equator, but cut it in two points dia- 
metrically opposite; for they observed twice in the 
year, in spring and autumn, that at noon the sun's 
altitude was _—y the same with that of the n 
LOT. 

The ecliptic, or path « the sun, is then that circle 
of the sphere which cuts the equator in two points, 
but which is afterwards removed about 24 from the 
equator, being one part of the year on the north 
side, the other half on the south side; and, as the 
points. where it cuts the equator divide it into two 
equal parts, you may conclude that the ecliptic is a 
_ great circle of the sphere, for it is one of their pro- 
perties to bisect each other. The next business is 
to determine in the celestial concave and among the 
fixed stars, those by which the sun passes every day, 
so as to delineate his path on a globe. 

For this purpose, remember there are two days, 
six months distant from each other, when the meri- 
dian altitude of the sun is the same with that of the 
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equator; these are called the equinoctial days, Be- 
cause the sun on those days describing the equator 
is twelve hours above and twelve beneath the hori- 
zon, so that the day is equal to the night; one is 
called the vernal, the other the autumnal equinox. 
Having remarked at midnight on the vernal equi- 
nox a star having the same altitude with the sun, 
that is, equal to the elevation of the equator, you. 
are certain of having obtained the point diametrically 


opposite to the sun, that, where he will be at the 


autumnal equinox. In the same way you may dis- 
cover at the autumnal, the sun's place at the vernal 
equinox, and thus ascertain two points essential to 
the progress of astronomy. 

The points of the ecliptic, where the sun is situ- 
ated when he is most distant from the equator, are 
called Solstilial points; they are called the solstitial 
points, because the sun at these points appears sta- 
tionary for some days, that is, about the 21st of 


June and the 21st of December. These points 


being observed, there remains, for completing the 
ecliptic, only to fill up the intermediate parts of the 
path. 5 
The distance between the equator and the eclip- 
tic at the solstitial points, is called the oliquity of 
the echpiic; to ascertain this, it is necessary to mea- 
sure how much the sun rises above the equator in 
summer, and descends below it in winter; or how 
much higher he was at noon in summer than in 


winter. Astronomers have done this, and found the 
difference to be 47*, the half of which, 235, is the 
greatest distance between the ecliptic and the equa- 


tor. | 

About 2000 years ago, this obliquity was 247, it 
is now about 23? 28', and diminishes about one mi- 
Nute every 100 years. 


To reckon and measure the motion of the sun and 


other celestial bodies, it 1s necessary to fix upon some 
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point in the heavens from whence to proceed, and 


to which every thing may be referred. The return 
of the seasons being the most remarkable and inte- 
resting cireumstance in all astronomy, the departure 
of the reckoning was governed thereby. 

The sun by his annual course in the ecliptic tra- 


verses the equator every year, bringing spring with 


him; and this renewal of nature served to mark the 


beginning of the year, and the astronomers used the 


point where this change took place, or the intersec- 
tion of the equator and ecliptic for the beginning of 


their measures, and called longitude the distance of 


the sun from the vernal equinox reckoned along the 
ecliptic. 


OF THE PLANETS. 


The diurnal motion of the heavens, as being the 
most striking, was that which was first noticed by 
mankind: then the periodic motions of the sun and 
moon. In process of time, by repeated and more 
assiduous observations, they found among the stars 
six which had motions peculiar to themselves, and 
these they called planets; they are thus named, 
Mercury 5, Venus , Mars, g, Jupiter , Sa- 
turn h, and one lately discovered is named the 
Georgium Sidus HA; they never depart from the ec- 


liptic, their motions are very irregular, sometimes 


they appear to go forwards, sometimes backwards, 
and sometimes to be stationary. 

Mxrcuny emits a bright white light, but keeps 
so near the sun, that he is very seldom visible; and 
when he does make his appearance, his motion to- 
wards the sun is so swift, that he can only be dis- 
cerned for a short time. He appears a little after 
sun-set, and again a little before sun-rise. 

Vexvs is the most beautiful star in the heavens, 
known by the names of the morning and evening Star. 


\% 
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She also, like Mereury, keeps near the sun, though 
she recedes from him much further, and like him, is 
never seen in the eastern quarter of the heavens 
when the sun is in the western; but always either 
attends him in the evening, or gives notice of his 
approach in the morning. 

Mans is of a red fiery colour, giving a much 
duller light than Venus, though he sometimes ap- 
pears almost equal to her in size. He is not subject 


to the same limitations in his motions as Venus and 


Mercury, but appears sometimes very near the sun, 
at others at a greater distance from him, rising when 
the sun sets, or setting when he rises. 55 
JuerTER and SATURN likewise often appear at 
reat distances from the sun. The former shines 
with a bright light, the latter with a pale faint one. 
The motion of Saturn among the fixed stars is 80 


slow, that unless carefully observed, and that for 


some time, he will not be thought to move at all. 
The GxrorG1uM Sipus is the planet discovered 


by Dr. Herschel. It is reckoned to be twice the dis- 


tance of Saturn from the sun, but cannot be readily 

perceived without the assistance of a telescope. 
From the preceding observations, any person may 

easily learn to distinguish all the planets. For, if 


after sun-set he sees a planet nearer the east than 


the west, he may conclude that it is neither Mer- 
eury nor Venus; and may determine whether it be 
Saturn, Jupiter, or Mars, by the colour and light; 
by which also he may distinguish between Venus 
and Mercury. 

That the light of each planet has its peculiar tinge, 
and that there are certain fixed stars that have pecu- 
har teints, was known to the Chaldeans. It 1s an 
observation best verified in those countries where the 
air is clearest. | 

Besides the motions which we observe in all the 
planets, their apparent magnitudes are very different 
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at different times. Every one must have observed 


that Venus, though she constantly appears with 
great splendor, is not always of the same size: but 
this difference of magnitude is most conspicuous in 
Mars, it is remarkable in Jupiter, but less so in 
Saturn and Mercury. 

The only phenomena visible to the unassisted 
sight, besides those already described, are those un- 
expected obscurations of the sun and moon, called 


echpses, of which we shall hereafter __ more par- 
ticularly. 


OF THE ARMILLARY SPHERE, fg. 1, plate 13. 


Hitherto I have contemplinied the heavens accord- 
ing to nature, I shall now endeavour to render some 
of the particulars more easy, by referring you to one 
of the instruments that have been contrived to elu- 


cidate the elements of astronomy. Of these there 


are none which imprint so clearly, as the armillary 
sphere, on the mind, the nature and use of those 
circles which astronomers have supposed to be ap- 
plied to the concave sphere of the heavens, for in- 
vestigating with greater accuracy the motions of the 


celestial bodies, and facilitating the communication 
of science. 


If the circumference of a circle be turned about its 
diameter as an axis, it will generate in its motion the 


surface of a globe or sphere. 

And the center of the circle will be the center of 
the globe. 

All straight lines reaching from the center of a 
globe to its surface are equal. 

Every straight line that goes through the center 
of a sphere, and is terminated at both ends by the 
sugace is a diameter, 


The diameter about which any sphere turns is Its 


| axis. 


— fas 
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The extremities of Such diameter or axis are its 

les. 

On the surface of a globe or sphere several circles 
may be described; those circles, whose center is the 
same with the center of the globe, are called by way 
of distinction great circles, these divide the sphere 
into two equal parts. The angular distance of two 
points, situated on the surface of the sphere, is mea- 


sured by the arc of a great circle intercepted be- 


tween them. 
Lesser circles divide the sphere into two unequal 
parts. 
The sphere before you, by its real circles, serves 


to represent, and will enable me to explain to you 
those imaginary circles by which astronomers divide 


the heavens into the same parts or portions as you 
see these circles divide the sphere. If your eye could 
be placed in the center of this sphere, you would 
see its circles upon or against those very points of 
the heavens where the imaginary circles of the astro- 
nomers are supposed to be situated. It is called ar- 
millary, because it consists of a number of rings of 
brass, called by the Latins armillæ, from their re- 
sembling bracelets or rings for the arms. 

There are six great circles of the sphere which 
require your particular attention: the horizon, the 
meridian, the equator, the ecliptic, the equinoctual 
colure, and the solstitial colure. 

The sphere is sustained in a frame, on the top of 
which is a broad circle representing the horizon. 

On the inside of the horizon are two notches for 
receiving a strong brass circle representing the me- 
ridian. 

It is suspended on two pins, at two opposite points 
of the meridian; these pins are a continuation of the 
axis of the sphere both ways, and as the sphere turns 
round upon them, they are considered as poles, and 
are calleA one the north, the other the $2uth pole. 
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The equator is that circle which goes round the 
| sphere exactly in the middle between the two poles. 

. The echpiic is that circle which crosses the equator 
| obliquely; it is divided into twelve parts, each of 
= which consists of thirty degrees. 

5 The equinoctial colure is the great circle which 
passes through those two points of the equator that 
are intercepted by the ecliptic. 

The solstitial colure is the other great circle at right 
angles to the equator. 

There are four lesser circles of the sphere, two 
tropics, and two polar circles; these four circles are 
all parallel to the equator. 

The tropic of cancer 1s the parallel which 1s on the { 
north side of the equator, and 233 degrees distant | 

therefrom. 

The tropic of capricorn is situated on the south side 
of the equator, and 234 degrees distant therefrom. 

The two polar circles are at the same distance from 
the two polcs, as the tropics are from the equator, 
that 1s, twenty-three degrees and a half. 

That towards the north pole is called the. arctic 
circle, that towards the south pole the antarctic circle. 


OF THE HORIZON, AND ITS USES. 


This broad circle, H O, plate 13, fig. 1, is termed 
the horizon, because it represents that 3 imaginary cir- 
cle which bounds or terminates the view of the spec- 
tator, dividing the sphere into two equal parts; that 
which is above the horizon is called tbe upper or vi- 
sible hemisphere, that which is below, the lower or 
invisible hemisphere. When the sun, moon, or stars 
descend below this circle, we say, they are set; on 
the contrary, when they appear above it, we say, 
they have rigen. 

The poles of the horizon are the two points every 
where equally distant from it; 1. The zenith, or the 
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point directly. over the head of the spectator; and, 
2. The nadir, or the point directly under his feet. 
On the broad circle, representing the horizon, are 
marked the thirty-two points of the mariner's com- 
pass; the east, west, north, and south points are 
principally to be regarded; these are called cardinal 
points. Thus to refer the celestial bodies to the 
horizon, it is usual in astronomy to say, the sun, 
moon, or planets, rise on such a point, or so many 
points from the east or west, north or south. If you 
consider their distance from the cfst and west points 
of the horizon, it is called their amplitude; the azi- 
muth is their distance from the meridian reckoned on- 


the horizon. 


OF THE DISTINCTION OF THE HORIZON INTO 
RATIONAL AND SENSIBLE. 


In general terms, the horizon may be defined to 
be an imaginary circle, that separates the visible from 
the invisible part of the heavens. 

If you suppose the floor or plane, on which you 
stand, to be extended every way, till it reach the 
starry heavens, this plane is your sensible horizon. 

The ralional horizon is a circle, whose plane is pa- 
rallel to the former, but passing through the center 
of the carth. 

The rational horizon divides the concave sphere 
of the heavens into equal parts, or hemispheres; the 
pbjects that are in the upper hemisphere will be vi- 
sible; such as are in the lower e will be 
invisible. 

Though the globe of the earth appears SO large 
to those who inhabit it, yet it is so minute a speck, 
when compared to. the immense sphere of the hea- 
vens, that at that distance the planes of the rational 
and sensible horizons coincide; or, in other words, 
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the distance between them in the sphere of the hea- 
vens is too small for admeasurement, 

To illustrate this, let AB CD, plate 3, fe 1, 
represent the earth; z h no, the sphere of the starry 


heaven. If an inhabitant of the earth stands upon 


the point A, his sensible horizon is se, his rational 
one ho; the distance between the planes of these 
two horizons is AF, the semidiameter of the earth, 
which is measured in a great circle upon the sphere 
of the heaven, by the angle e Fo, or the arc eo; 
this arc, in so small a circle as z hno, would 
amount to several degrees, and consequently the 
difference between the sensible and the rational 
horizon would be great enough to be measured by 
observation. If we represent the sphere of the hea- 
ven by a larger circle, the semidiameter of the 
earth, AF, measured in this circle, will amount to 
fewer degrees; for the are E O is less than the 
arc eo; and the larger the sphere ef the heaven is, 
in proportion to the globe of the earth, the less 
sensible is the difference between the two horizons. 
Now, as the sphere of the earth is but as a point, 
when compared to the starry heaven, the difference 
between the sensible and rational horizon will be in- 
sensible. 

From what has been Oy it appears, that the 


only distinction between the sensible and rational 


horizon, arises from the distance of the object we 
are looking at. 


The sensible horizon is an imaginary circle, which 


terminates our view, when the objects we are look- 
ing at are upon the earth's surface. 
The rational horizon is an imaginary circle, which 


- terminates our view, when the objects we are look- 


ing at are as remote as the heavenly bodies. 
As the rational horizon divides the apparent ce- 
lestial sphere into two equal hemispheres, and seryes 
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as a boundary, from which to measure the elevation or 
depression of celestial objects; those in the upper or 


visible hemisphere are aid to be high or elevated 


above the horizon; and those in the other hemis- 
here are called low, or below the horizon. 

The earth being a spherical body, the horizon, or 
limits of our view, must change as we change our 
place; and therefore every place upon the earth has a 
different horizon. Thus, if a man lives at a, plaze 3, 
fg. 2, his horizon is GC; if he lives at b, his ho- 
rizon is HD; if at c, it is AE. From hence we ob- 
tain a proof of the sphericity of the earth; for if it 

were flat, all the inhabitants thereof would have the 
same horizon. 

The point in the heavens, which 1s directly over 
the head of the spectator, is called the zenith., _ 

That point, which is directly under his feet, is 
called the nadir. 

If a man lives at a, plate 3, fg. 2, his zenith is 
A, his nadir E. If he lives at b, his zenith is B, his 
nadir F: consequently, the zenith and horizon of an 
observer remain fixed in the heavens, so long as he 
continues in the same place; but he no sooner 
changes his position, than the horizon touches the 


earth in another point, and his zenith answers to a 


different point in the heavens. 


OF THE GENERAL MERIDIAN, AND THE DEGREES 
MARKED THEREON. | 


The name meridian, which cignifies mid-day, I 
have before observed to you, is given to this circle, 
because the center of the sun coincides with this 


circle at noon; or, in other words, when the sun 


comes upon the meridian of any place, it is their 
noon or mid-day at that place. 
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This large brass circle; M R, Plate 13, Ag. 1, is 


called the general meridian, because it serves here to 


represent any particular meridian; for you know, 
that a particular meridian is an imaginary circle in 
the heavens passing through the poles of the world, 
and the zenith point of every person wheresoever 
situated on the surface of the earth; consequently, 
there will be as many such meridians as you can 
imagine points from east to west on the carth's sur- 
face, for those places which lie north and south of 
each other . have the same meridian, because the 
meridian circles lie north and south. 


In the sphere this strong circle or general meridian 


suffices for all the rest; for as it is fixed, and the 


sphere is moveable about its axis, you may, by turn- 


ing the sphere, bring any part of its surface under 
this circle, which will then represent the meridian 
of that part. . 

One side of this circle is graduated or div ided into 
four quadrants, each consisting of ninety degrees. 
The numbers on two of these quadrants commence 
from the equator, and proceed each way to the north 
and south pole; the numbers on the other two quad- 
rants increase from the pole towards the equator. 

The numbers which proceed from the equator are 
to point out the distance of the zenith of any place 
from the equator, which is called latitude. 

The latitude is called north or south, accordin 
as the places are on the north or south side of the 
equator, 


The degrees which are numbered the contrary 


way from the pole, are to shew the height or elevation 


of the pole above the horizon. I have before shewn 

you, that the elevation of the pole is equal to the la- 

titude of the place. 

By this circle we also measure the distance of the 
sun or star ſrom the equator, which is called its de- 
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clmation; thus, if you bring the highest or most 
northern part of the ecliptic to the meridian, you see 
it cut the same in 233 degrees, and so much is the 
declination of that point. 8 

To rectiſy the sphere is to put it in that position 
in which it may represent exactly the apparent mo- 

For different places that position must be differ- 
ent, according to the different elevation of the pole, 
or latitude of the place. i 

Therefore to rectify the sphere, elevate the pole 
till the same number of degrees are above the plane 
of the horizon, as the pole of the place you are con- 
sidering is above its horizon, and then the cireles on 
the sphere will, with respeet to the globe within it, 
correspond with the imaginary circles of astronomers 
in the heavens. | | 


OF THE EQVATOR, EQ. 


You may remember, that in speaking of . this 
circle, I told you, that this great circle surrounds 
the sphere exactly in the middle between the two 
poles of the world; and secondly, you observe that 
the ecliptic, which represents the sun's path, cuts 
this circle in two opposite points, and therefore, of 
course, the sun 1s twice a year in this circle; and 
as one half of this cirele is always above the hori- 
zon, and the other half below it, when the sun is in 
those two points the days and nights will be equal. 


This circle is called the equator, because it equates 


or divides the globe of the earth into two equal 
parts; it is often also called the equzmoctial, because 
that when the sun is in this circle the days are equal 
to the nights. 


It is divided into 360 degrees, beginning and 


ending in the equinox point, and numbered from 
west to east; these degrees on the sphere are called 


degrees of right ascension, but the degrees on the 


> 
— —— 


— — - * 
Cog rag 
ES OE —— — — 


— * Sa 


—ͤä— 3 — II_—_— 


— — 
—— rd... 
——— Ie 


- . 
- : 4 * 
1 * —_ — rey . ” , : —_ 
1 Y oo > 2 "LI * . . 8 
- - * ny Fe A 4 - Y 8 "ag — 4 
- — 6s — 2 — — - tl * rn I 1 ws _ 
— 1 . x 1 2 rr La 2 SI ODE T's" — rer — — 
i — ” hy, < 2 8 "as - - F%. - 
— 4 — — — a — £ — 2 — : 
- : — — — dies. os —— pot. . © : x » . 
* - od nt 3 4 ab —_ - 
PPP 8 7 * 35 * 
————-— wear w — = 4 p 
———— aq 2 * * IT 2 2 
1 3 * — = 2 a OPT Oe q 7 N 
. * — — = 5 — * — — 2 2 1 
— wes 3 2 A 


dow han 


* 
i 
7 
1 
+ +. 
x 
*WFY 
1 , + 7 
i 
J 
> | 
11 
; 
. 
£5 
"HY 
; 8 
| $8 
: 4 
113 ih 
ay.” 
TRA 
7 
+ BH 
4 
= 4 
i 
Wy 
»#) P 
it 
f 
ou) - 
i 
4 
1 
Vs 
3 0 
v4 
1 
11 
1 
174 
i; 4 
* > 
4 : 
E 
' 
'T: 
; 
FS | 
3 
4 tf 
1 j 
t 
1 
1188 
11 
4 
4 7 
' , 
1 
1 1 
111 
2 BY 
f 
11 
1 I 
Uh © . 
1 
. 
N by. 
3; 9 f 
, nyt! * 
1 
1 7 
7 ww: 
; 1 
(Tr. 
. 
7 
: 
't ER ; 
11 [126 
1 
[1 * 
q 11 
Tj 
; 
: 
fi 
f 
1 
* 


8 
+ i 
7 
1 
4 
| 

i 


—— 


r 
— 0 


— —— 


—U—— —— — — 
7% A — 
ä — — — a 
— : 


XS ok 


— a 


— 
— — — — — 


" — —— — ee eter 
7 b —— 
3 — 


558 | THE HOUR CIRCLE. 


equator, laid down on a terrestrial globe, are. called 
degrees of longitude. 

Hence a meridian, passing through the sun, pla- 
nets, or stars, shews on the equator the degree of 


its right ascension, or distance from the equinoctial 
point. 


OF THE HOUR CIRCLE, 


This is a small circle fixed about the north pole, 
and a hand on the axis of the sphere, so that by 
turning the sphere on its axis, the index will be car- 
ried round the circle.* 

This circle is used to convert the degrees of the 
equator into time; it 1s divided into twenty-four 
equal parts, answering to twenty-four hours, or the 
time of an entire revolution of the heavens. The 
index, by pointing successively to those hours, shews 
in what space of time any part of that revolution is 
performed. 

The twelve hours are twice engraved on this 
circle; the first twelve hours shew the time from 


noon to midnight, the other from midnight to noon 
the next day. 


Astronomers begin the day at noon, 8 


the two hours of twelve stand directly upon the 
graduated edge of the meridian. 

To find the time in which any motion 1s performed, 
I bring the beginning of the degrees on the equator 
to the meridian; holding the sphere in that position, 
I turn the index about to the hour of twelve upon 
that edge of the meridian next me; I now turn the 
sphere once round, till the same point comes again 
to the meridian, and the index passes once round the 
hour circle, which shews, that one revolution of the 
sphere is performed in twenty-four hours, 


* The horary circle, a, fg. 1, is not completely ca by 


the figure; but, as it is exactly similar to that of a globe, the rea- 


der can easily conceive the nature of it. Epir. 
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If one revolution, or three hundred and sixty de- 


grees, be made in twenty-four hours, then half a 
revolution, or one hundred and eighty degrees, is 


made in twelve hours; a quarter, or ninety degrees, 


in six hours; and in that proportion fifteen degrees 
of the equator pass the meridian in one hour and 
fifteen minutes, or one quarter of a degree in one 
minute of time. | | | 


OF THE QUADRANT OP ALTITUDE. 


This is, yon see, a long slip of brass with a nut 
at top to fix it to the meridian; it is divided into 
ninety degrees, and being fixed at the zenith it 
reaches the horizon; it may be carried to any part of 
the sphere or globe, and so will shew the height or 


altitude of any point above the horizon in any po- 


sition of the sphere. 


OF THE ECLIPTIC AND CELESTIAL LONGITUDE. 


We are now come to the great circle called the ec- 
liptic, CD, because there can be no eclipses of the 
sun and moon, but when the moon is in or near this 
circle; for this circle represents the sun's apparent 
annual path, and therefore whenever the moon ob- 
Scures the sun, or is obscured by him, she must be 
near thereto. 

It is generally graduated into twelve equal parts, 
consisting of thirty degrees each, the beginning of 
the part being marked with characters representing 
the twelve signs. Astronomers divided the ecliptic 
in this manner in order to judge more easily, and 
express more clearly the places of the sun, moon, 
and planets; for it is easier to obtain an idea of their 
situation by referring them to some part of a known 


figure, than it could possibly be by merely consider- 


| 
[ 
4 
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ing degrees in the cireumference and expanse of the 
heaven. The astronomers, therefore, to reduce the 
science to order and method, arranged the stars, 
which are distributed irregularly over the surface of 
the skies, into certain and determinate classes of 
constellations. 

Thus the stars near the ecliptic are distributed 
into twelve constellations or signs, which are 
named, Aries, Taurus, Gemini, Cancer, Leo, Virgo, 
Libra, Scorpio, Sagittarius, Capricornus, Aquarius, 
and Pisces. 

The sun appears always in this circle, advancing 
in it nearly a degree in a day, and going through it 
exactly in a year. The points where this circle cuts 
the equator are called the equinoctial points; the 


vernal equinoctial point is marked Aries, the au- 


tumnal one Libra. 

It is by the ecliptic that astronomers estimate the 
latitude and longitude of the heavenly bodies. 

The longitude of the heavenly bodies 1s reckoned 
in signs and degrees of the ecliptic, beginning from 
the first point of Aries, or vernal equinoctial point. 
Thus, suppose the sun be now in the fifth degree of 


Leo, we say, his longitude is four sigus, four degrees, 


and part of another; for he has already passed the 
four s1gns of Arics.. Taurus, Gemini, Cancer, and 
four degrees of Leo, and 1s in the fifth. 


The latitude of the heavenly bodies is reckoned. 


in an arc of a great circle passing through the pole 
of the ecliptic and a given star, ang between 
the echptic and the star. 

The zodiac is a broad circle in the heavens, and 
which is sometimes applied to an armillary sphere; 
it contains the twelve s1gns, and is called the zodiac, 
because, according to the Chaldean division, it con- 
sisted only of animal figures; what is now called 
Libra, being by them reckoned a part of —— 
and making the claws of that animal. 
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The division of the zodiac into twelve parts eor- 


responds with the division of the year into twelve 


months, and therefore plainly answers to the appa- 
rent motion of the sun. This zone represents the 


space or limits to which the planets stay on each 
side the ecliptic, which is about five degrees, so that 


the breadth Ent: 18 ADE ten 19 8 


OF THE COLURES, TROPICS, AND POLAR CIRCLES, 


The next circles of the sphere we are to consider 
are those two called the colures, both of which pass 


through the poles of the world, and cut the equator 


at right angles. 
One of these passes through the equinoctial points, 


and is called the equimochal colure, N; the other 
passes through the solstitial point P, and is called the 
Solstitial colure. | 


The colures are in a manner the e of the 
year, for they point out the seasons by their two op- 
posite parts of the ecliptic. The solstitial colure 
passes through the poles of the ecliptic. 

The #wo fropics, S and T, are parallels, and distant 
233 from the equator on each side of it, at which 
distance they touch the ecliptic in the calstitial points. 

While the sun is going from Aries to Cancer, he 
advances every day more northward, till he comes 
to Cancer, his most northward situation; after which 
he begins to descend to Libra, getting every day 
more southward than before. Now, when he is in 
the beginning of Cancer, he changes his motion, 


and turns from going northward to go southward ; 


this turning back is meant by the word tropic, from 
whence the paralle] passing through Cancer 1s called 
the tropic of Cancer; ; and for the same reason. the 


other is called he tropic of Capricorn, because there 


the sun returns from the southerly course to the 
northern one. 
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On the sphere they represent the parallels in 
which the sun moves on the longest and shottest days 


in the year; in other words, when he has the greatest 


and least meridian altitude, that part of the tropic 
which is above the horizon represents the length of 


the day, and that part which is beneath the horizon 


represents the night. Now you must observe from 
the sphere, that the day is the longest when the sun 


is in the tropic of Cancer, and the night the 8hortest 


of all others in the year; in the same manner, the 
two parts of the tropic of Capricorn Shew the longest 
day, and shortest mar of the year. 


The polar circles, V and U, are two imaginary 
circles in the heavens, which correspond to those 


parts of the earth that were termed by the ancients 


the frigid zones; they include 233 degrees on each 


side their respective poles. 


These circles have been by many authors called the 


arctic and antarctic circles, but improperly, as the an- 
cients always meant by the arctic circle the largest 
parallel that was always above the horizon of any par- 
ticular place, containing all those stars which never 
set at that place, but seem to be carried round above 
our horizon in circles parallel to the equator. 


The largest parallel, which is entirely hid below 


the horizon of any place, they called the antartic 

circle, or circle of perpetual occultation. This in- 

cludes all the stars which never rise to an inhabitant 

of the northern wer pere, but are e perpetually be- 
low the horizon. 

All arctic circles touch their von end in the north 
point, and all antarctic circles touch their horizons 

in the south point. 

Those who live under either tropic bave one of the 
polar circles for their arctic, and the other for their 
antarctic circle; thus the names of nutable circles have 
been given to che immutable polar circles, which are 
only arctic and antarctic circles in one particular case. 
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OF A RIGHT PARALLEL AND OBLIQUE SPHERE. 


* 


There are three situations of the celestif sphere 


relative to the inhabitants of the earth, of which you 


may form a very clear conception by means of the 
armillary sphere. N „ 
Of a right sphere, or of those inhabitants who live 


under the equator. To shew the position of the 


circles of the sphere with respect to these inhabi- 
tants, bring the equator into the zenith, and the 
poles of the world lie in the horizon. The equator, 
the tropics, and polar circles, all stand perpendicular 
to the horizon; the heavenly bodies always rise and 
set perpendicularly; and as the horizon cuts all the 
circles in half, the days and nights will be equal 
throughout the whole year. This position is called a 
right sphere. 1 5 
Under the equator the stars must evefy day ap- 


pear to rise out of the horizon, then to ascend per- 
pendicularly for six hours, and descend perpendicu- 


larly for the six following hours, set and remain 
below the horizon twelve hours successively. The 
planets do the same, there being no difference be- 
tween them and the fixed stars, but that the latter 
always describe the same parallel; whereas the pa- 
rallels described by the former differ every day, being 
greater or less according to their distance from the 
equator. 5 1 

A parallel sphere. This position is to shew the situ- 
ation of the heavens to an inhabitant who lives under 
the poles; bring the pole therefore in the zenith, as 
Shewn in Fg. 1, the axis is now at right angles to the 
horizon, the equator and horizon coincide, and the 
coy and polar circles are parallel thereto; here there 
will be but one day and night throughout the whole 


year: for the same reason, the moon, in half her 


monthly revolution, will never rise, and in the other 
wn 2 


; 
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half will never set. The fixed stars will every 7 7 | 


describe circles parallel to the horizon, some never 
rising, others never setting. 


_  Henes, also, an inhabitant of the north pole has 
the sun above his horizon, and therefore perpetual all 


the time the sun is on the north side of the equator, 
that is, for six months together. But the sun is 
below his horizon, and it is night with him all the 
time the sun is on the south side of the equator, 
which is also for six months: or, in other words, the 
sun will be seen for half a year, and then it will be 
day; and it will be hidden for half a year, and then 
1t will be night. 

An oblique Sphere. We are ciated; in an oblique 
sphere. ＋ 
who live neither under the poles, nor under the 
equator; here the equator, and all the circles parallel 
to it, make oblique angles with the horizon. 

It is evident, that in this situation, all the parallels 
to the equator are divided by the horizon into two 
unequal parts, but the equator into two equal parts; 


consequently, the day and night are never equal. to 


an inhabitant in an oblique sphere, but when the 
sun is in the equator, that is, twice a year, on the 
20th of March, and the 22d of September. All the 
rest of the year the days are either longer or shorter 
than the nights; and the sun, which always appears 
to move in the ecliptic, describes one of the pa- 
rallels to the equator, which are all cut by the ho- 
rizon into two unequal parts. On the northern side 
of the equator, the days are longer than the nights, 
as long as the sun is on the north side of the equator; 
but the nights are longer than the days, when the 
sun is to the south of the equator. 

The portion of the parallels above the horizon is 
greater in proportion as they are nearer the elevated 
pole; but when the distance of the parallel from the 
pole becomes less than the elevation of the pole, 


his position agrees with the inhabitants 


er 


las 


all 
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then that parallel, and all those which are included 


within it, are wholly above the horizon, no part of 
them setting or passing under it. The contrary hap- 


pens in the parallels that are situated towards the de- 
pressed pole, a smaller portion of these being above 
the horizon, and the greater part lying under it. 


Those parallels which are nearer the depressed pole, 


than the elevation of the pole, or latitude of the 
place, remain perpetually, together with the stars in- 


cluded within them, under the horizon, and are 


never visible to us. 

The arc of the equator intercepted between the 
beginning of Aries, and a star, &c. when on the me- 
ridian, is called its right ascension. It is so called, 


because in a right sphere, that point of the equator, 


which rises with a star, &c. comes also to the meri- 
dian with it. Hence you find the right ascension 
of a star, &c. by bringing it to the meridian; for that 
point of the equator which comes to the meridian 
with it, is its right ascension. The right ascension 
of a fixed star is always the same, but that. of a 
planet varies. 

The arc of the equator intercepted between the 
beginning of Aries and the point of the equator, 
rising or setting along with any heavenly body, is 
called the oblique ascension or descension. 

The difference between the right and oblique de- 
scension is called the ascens:onat difference. Many 
problems solved by the globes may be performed 
with the sphere; it is unnecessary to speak of these 
here, as I have only introduced the sphere to give 
you clear and satisfactory ideas of the circles used by 
astronomers. 

In the middle of this sphere I have placed a small 
globe of the earth, supported by an axis, the ends of 
which go through the sphere in the places of the ce- 
lestial poles. It is so contrived, that you may either 
turn the globe round within the sphere, or turn the 
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sphere round the globe; thus this instrument will 


exhibit the real motion of the earth round its axis 
within the sphere of the heaven, or the apparent 


motion of the heaven round the earth. It will, 


therefore, shew you the correspondence between the 
terrestrial and celestial. spheres, and that the ap- 
pearances of the heavenly bodies would be the same 
to us, whether they moved round the earth as they 
appear to do, and the earth stood still; or they stand 


| still, and the earth is carried round the contrary way. 


THE APPEARANCES OF THE STARRY HEAVENS 
ILLUSTRATED BY AN ARMILLARY SPHERE. 


By the sphere you will readily perceive the truth 
of the positions stated, when I was treating of the 
apparent motion of the starry heavens. | 

You here see that the poles of the earth, how ex- 
tended, reach the poles of the heavens. By placing 
a small patch on the different circles of the sphere 
to represent stars, you perceive, that those which 
are furthest from the poles will describe the greatest 
circles; and those will describe the largest possible 
circles that are situated in the equator, which is equi- 
distant ſrom both poles. . You here perceive, that a 
star has acquired its greatest elevation when it comes 
to the upper semicircle of the meridian, and its 
greatest depression when it is at the lower circle of 
the meridian; and that the arc of its apparition is 
bisected at the meridian. 

The sphere also shews you olainly, that if the 
circle of revolution be between the. equator and the 
pole, which is above the horizon, the greatest por- 
tion thereof will be visible; but if 1t be on the other 
side the equator, the smallest portion will be visible. 
One half of the equator is always visible, some 
circles of revolution are wholly above the horizon, 


and some wholly below it; a star in one of the first 


vill 
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is always seen, and in one of the last is never seen. 
A phenomenon, whose circle of diurnal revolution 
is on the same side of the equator with the elevated 
pole, is longer visible than it is invisible; the con- 
trary obtains if it be on the other side of the 
equator. 5 
OF THE FIXED STARS, CELESTIAL SIGNS, AND- 
CONSTELLATIONS, 


No part of the universe gives such enlarged ideas 
of the structure and magnificence of the heavens, 
as a consideration of the number, magnitude, and 


distance of the fixed stars. We admire, indeed 


with propriety, the vast bulk of our own globe; but 
when we consider how much it is surpassed by most 
of the heavenly bodies, what a point it degenerates 
into, and how little more even the vast orbit in 
which it revolves would appear when seen from some 
of these stars; we conceive more just ideas of the 
extent of the universe, and of the boundaries of the 
creation. 

Among the many distinctions that characterize 


the fixed stars from other luminaries of heaven, that 


which is afforded by their light, or peculiar lustre, is 
the most obvious. | 
The light of the planets is steady, because it is 
reflected; that of the stars is bright and lively, 
and accompanied with a kind of vibration of light, 
which we call twinkling. This is supposed to arise 
from the nature of their light as intrinsic, and not 
received and reflected, and principally from the 
smallness of their apparent diameter. Our atmos- 
phere is full of innumerable little particles, which 
are continually floating in it; many of these are 
large enough, on coming between the eye and such 
a point as a fixed star, to hide that point, or take 
that star out of our view, by intercepting its rays. 
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But these atoms are in perpetual motion, so that 
the star is no sooner hid by one of them, than it 
appears again, because the atom has changed its 
place; then another comes, and again intercepts the 


view: the swift succession of these moving particles 
greatly assists in causing that appearance which 
we term twinkling. Or, it may probably arise from 
something in the eye itself, for we are continually 
sbifting and closing them, even when we are not 
conscious of doing it, and a star being but a point, 
the smallest motion of the eye is sufficient to make 
us lose it; perhaps the impressions are so weak, as 


not to be able to keep the visive faculty awake, ex- 
cept as it were by fits. 


As the stars do not change their relative situations 


one to the other, and as they are used to compare 
the relations and motions of the planets, it became 
necessary to find out some method of distinguishing 
the stars from each other; and as they do not change 
their relative positions, astronomers endeavoured to 
make an exact description of them, and by repeated 
observations determined the position and order which 
subsist among them. 

To avoid confusion in description, and be able to 
point out any particular star, without being obliged 
to give a name to each, they are divided into se- 
yeral parcels; to each of these parcels is assigned a 
figure at pleasure; these assemblages, or groups of 
stars, are called constellations, Thus a number of 
stars near the north pole i is called the Rr, because 
the stars which compose it are at such distances from 
each other, that they may fall within the figure of a 
bear. Another constellation is called the Ship, be- 
cause that collection of stars, which compose it, is 
represented upon a celestial globe as comprised 
within some part of the figure of a ship. 

The divisions of the stars into constellations is of 
the highest antiquity; there are no books so ancient, 
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in which the heavens are at all considered,” but we 
find them treated of as distinguished into constella- 


tions; Hesiod and Homer mention several by names 
that are now known, and we find Job speaking of 


Orion and the Pleiades. | eaten 
As the fixed stars appear of different degrees of 
magnitude and splendor, they are divided into six 


different classes. Those which seem the largest and 


brightest, are called stars of the first magnitude; the 
smallest that we can see with the naked eye, are 
called stars of the sixth magnitude; and the inter- 
mediate ones, according to their different apparent 
sizes, are called of the second, third, fourth, or fifth 


magnitudes. Those stars, which cannot be seen 


without the assistance of a telescope, are not reck- 
oned in any of these classes, and are called 7elescoprc 
Stars. | . 
By a knowledge of the fixed stars and their po- 
sitions, we obtain so many fixed points, by which 
we may observe the motions of the planets; and the 
relation of these motions to each other, which be- 
come so many land-marks, if the word may be al- 


lowed, to ascertain the situations of other celestial 


bodies, and the varieties to which they are subject. 
For from the same place, the motions of the heavenly 


bodies can only be estimated by the angle formed at 
the spectator's eye, by the space which the moving 


body passes over. | 

To measure these spaces the stars must be used, 
and they are considered as so many luminous points 
fixed in the concavity of a sphere, whose radius is 
indefinite, and of which the observer's eye is the 
center. We learn from hence the necessity of 
forming an exact catalogue of the stars, and of de- 
termining their positions with accuracy and care. 


With such a catalogue, the science of astronomy 


begins. 
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Although to those who are unacquainted with the 
nature of celestial observations, it might at first 
sight appear almost impossible to number the stars; 
yet their relative situations have been so carefully 
observed by astronomers, that they have not only 
been numbered, but even their places in the heavens 
bave been ascertained with greater accuracy than 
the relative situation of most * on the surface 
of the earth. 

The greatest number of stars that are visible to 
the naked eye, are to be seen on a winter's night, 
when the air is clear, and no moon appears. But 
even then a good eye can scarce distinguish more 
than one thousand at a time in the visible hemis- 
phere: for though on such a night they appear to 
be almost innumerable, this appearance is a decep- 

tion that arises from our viewing them in a transient 
and confused manner; whereas, if you view them 
distinctly, and only consider a small portion of the 
heavens at a time, and after some attention to the 
situation of the remarkable stars contained in that 
portion, begin to count, you will be surprized at the 
smallness of their number, and the ease with which 
they may be enumerated. 

Hipparchus, the Rhodian, about an hundred and 
twenty years before the birth of Christ, was the 
first among the Greeks who reduced the stars into a 
catalogue; daring, according to Phny, “ to under 
take a thing, which seemed to surpass the power of 
a divinity; that is, to number the stars for posterity, 
and to reduce them into order; having contrived 

instruments, by which be marked the place and 
magnitude of each star. So that by these means we 
can easily discover, not only whether any of the 
stars perish, and others grow up, but also whether 
they move, and, if so, the direction of their motion, 
whether they increase or diminish; thus putting 
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posterity in possession, as it were, of che heavens.” 
His catalogue, first adopted by Pzolemy, contained 
only 1026 stars. Since that time the list has been 
considerably augmented, and is daily receiving fresh 
increase, by the improvement of telescopes. 
Several astronomers have followed Hipparcus in 
the same arduous undertaking. In 1603, J. Bayer 
published his Uranometria, or celestial charts of all 
the known constellations, and of the visible stars of 
which they are composed. In these charts every 
star is distinguished by a letter. The largest star in 
the constellation is marked with the first letter of 
the Greek alphabet, the next in apparent size is 
marked with the second letter; and so on. If there 


are more stars in the constellation than there are 
letters in the Greek alphabet, he marks the remain- 


der with the letters of the Roman alphabet. When 


a2 star is mentioned with the letters of the Greek or 


Roman alphabet, it is always with the additional 
name of the constellation to which it belongs; and 
thus to those, who are acquainted with the figures 
of the constellations, and with the catalogue of fixed 
stars, it becomes as determinate a denomination as if 
the star was called by a proper name, and the same 
purpose is answered in a more familiar manner, and 
with less burden upon the memory. Among the 
various catalogues, the most copious, and hitherto 
esteemed the best, is that called Historia Ceelestis of 
our countryman, Flamstecd. A new one has lately 
been published by the Rev. Mr. Wollaston. 

The number of the ancient constellations was 
forty eight; in these were included 1022 stars. 
Many constellations have been added by modern 


astrfonomers; so that the catalogues of Flamsteed and 
de la Caille, when added together, are found to con- 


tain near 5000 stars. The names of the constella- 
tions, their situation in the heavens, with other par- 
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ticulars, are best learned by studying the artificial 
representation of the heavens, a celestial gl obe. * 


The galaxy or milky way must not be neglected; 
it is one of the most remarkable appearances in the 


heavens: it is a broad circle of a whitish hue, in 


some places it is double, but for the most part con- 
sists of a single path surrounding the whole celestial 
coneave. The great Galiles discovered by the teles- 
cope, that the portion of the heavens which this 
circle passes through, was every where filled with an 
infinite multitude of exceeding small stars, too small 
to be discovered by the naked eye; but, by the 
combination of their light, diffusing a shining white- 
ness through the heavens, Mr. Brydone says, that 
when he was at the top of Mount Ætna, the milky 
way had the most beautiful effect, appearing like a 


pure flame that shot across the heavens. 


This idea of the milky way, that it is formed of 
an innumerable cluster of small stars, is not, how- 
ever, new; for, among the various conjectures of 


Manilius, we find the following: 


Or is the spacious band serenely bright 
From little stars, which there their beams unite, 
And form one solid and continued light?” 


The stars appear of a sensible magnitude to the 
naked eye, hecause the retina 1s'not only affected 


* A set of new engravings for a pair of eighteen-inch globes 
have just been completed, under the title of the NEW BRITISH 
GLoBEs. They are the only globes of the size in English, and it 
is upwards of forty years since any plates, for globes of about this 


dimension, have been engraved. The terrestrial contains all the 


latest discoveries and communications, from authentic observations 
and surveys, to the year 1798, from an accurate drawing by 
Mr. Arrowsmith, The celestial contains the position of nearly 6000 
stars, clusters, nebulæ, planetary nebulæ, &c. as computed by me 
for the year 1800, from the latest observations, &c. by Dr. Maske- 
Hue, Dr. Herschel, the Rev. Mr. Wollaston, &c. For particulars, 
must refer the reader to a Treatise on their Uses, which I am pre- 
paring for the press. Epir. ” 
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by the rays of light which are emitted directly from 
them, but by many thousands more, Which falling 
upon our eye-lashes, and upon the visible aerial par- 
ticles about us, are reflected into our eyes so strongly, 
as to excite vibrations, not only in those points of, 
the retina, where the real images of the stars are 
formed, but also in other parts round about it. 
This makes us imagine the stars to be much bigger, 
than they would be if we saw them only by the few 
rays which come directly from them to our eyes, 
without being intermixed with others. You will be 
sensible of this, by looking at a star of the first 
magnitude through a long narrow tube; which, 
though it takes in as much of the sky as would hold 
a thousand of such stars, scarce renders that one 
wable, „ % 079 fo trad: gh ey 2 

The number of the stars almost infinitely exceeds 
what we have yet been speaking of. An ordinary 
telescope will discover in several parts of the heavens 
ten times as many stars as are visible to the naked 
eye. Hooke in his Micrographia says, that with a 
telescope of twelve feet he discovered seventy-eight 
stars among the Pleiades, and with a more perfect 
telescope, many more. Galileo reckoned eighty in 
the space between the belt and the sword of Orion, 
and above ſive hundred more in another part of the 
same constellation, within the compass of one or two 
degrees square. Antonia Maria de Rheita counted 
in the same constellation above two thousand stars. 
Future improvements in telescopes may enable us to 
discover numberless stars that are now invisible; and 
many more there may be, which are too remote to 
be seen through telescopes, even when they have 
received their ultimate improvement. Dr. Herschel, 
to whose ingenuity and assiduity the astronomical 
world is so much indebted, and whose enthu- 
siastic ardour has revived the spirit of discoveries, of 
which we shall speak more largely in another part 
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of this essay, has ovinced what great discoveries ma 
be made by improvements in the instruments of ob- 
ser vation. In speaking here of his discoveries, I 


shall use the words of M. de la Lande. * e In pass- 


. ing rapidly over the heavens with his new telescope, 
the universe increased under his eye; 44000 stars, 


seen in the space of a few degrees, seemed to indi- 
cate that there were seventy-five milkons in the 
heavens.” He has also shewn, that many stars, 


which to the eye, or through ordinary glasses, ap- 


pear single, do in fact consist of two or more stars. 
The galaxy or milky way owes its light entirely to 
the multitude of small stars, placed so close as not 
to be discoverable even by an ordinary telescope. 
The nebule, or small whitish specks, discerned by 
means of telescopes, owe their origin to the same 
cause; former astronomers could only reckon 103, 
Dr. Herschel had discovered upwards of 1250 of these 
clusters, besides a species which be calls planetary 
nebule. But what are all these, when compared to 
those which fill the whole expanse, the boundless 
fields of ether! Indeed, the immensity of the uni- 
verse must contain such numbers, as exceed the 
utmost stretch of the human imagination. For who 
can say, how far the universe extends, or where are 


the limits of it? where the Creator Stayed “ his 


rapid wheels,” or where he © fixed the golden com- 
passes? 


TO OBTAIN A KNOWLEDGE Or THE 
CONSTELLATIONS, 


Let us suppose ne in a frosty and bright 
evening of the month of January, seated about nine 
or ten o'clock on a commanding eminence, beneath 


an open sky; when every planet comes forward in 


* Memoires de l' Academie de 588 7 1785. 
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stateliness, when the host of stars crowd the heavens 
with glory. = n 
The first view of the heavens creates a confusion 
of pleasure and astonischment. The general irradia- 
tion elevates, but the seemingly irregular assemblage 
confounds the mind. Willing to form an intimacy 
with each portion of these glorious masses, fix on 
some of the most distinguishable groups, and make 
use of those as marks to conduet you through the 
rest. To every clump of stars, if we may use the 
expression, we will affix the name that antiquity first 
gave it. | e | | 85 
The collection we proceed from is that large irre- 
gular square, within which you may observe three 
bright stars, placed very near each other, on a 
straight oblique line; beneath which are three others 
of inferior lustre, hanging from them in a manner. 


This the ancients called Orion. The two highest 
stars in this square form his arms; the two lowest, 
his legs; the three bright stars in the middle are his 


belt; and the three smaller, which hang from them, 
are understood to design the garment that covers his 


thighs, or more properly, his faulchion. 


These three bright stars, sometimes called Orion's 
Belt, sometimes the Three Kings, by their direction 
point out to us, on one side Sirius, or the Dog Star; 
on the other, the Pleiades. Sirius is that remarkable 
star, distinguishable from any other by its scintilla- 
tion and lustre. You will see it on the south-east 
side of Orion. | 0. 

The Pleiades, or the Seven Stars, lie on the north- 
west of Orion: they are very easily known, by being 
80 elosely massed together. Besides, they are almost 
in a direct line from Sirius, through Orion's Belt; 
they are on the back of another constellation, called 
the Bull. | 9 | 

That very large star, on a right line, half way be- 
twixt the Pleiades and the star that forms the wes- 
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tern shoulder of Orion, is called the Bull's ye, of 
Aldebaran. 


Phat large star, which, you may perceive, farms 


a a triangle. of equal sides with Sirius and Orion's Belt, 


is called Procyon, or the Lesser Dog. It lies to the 


north of Sirius, and to the east of Orion. 


Imagine a straight line, / extending, LR the 
north trom Procyon or the Lesser Dog; and the first 
bright star it meets with is Castor, or one of the 


constellations called 7wins:, very near which is ano- 


ther bright star called Polluv, the second of the 
Twins. This last lies south-east wich regard to 
Castor. 


Those ſour 55 that lie i in a right. line, at equal : 
f distances, and about half way betwixt the east 
shoulder of Orion and the Twins, are the four feet of 


the Twins. 

A line drawn from the, bright star that forms the 
west foot of Orion, through the star that forms his 
western shoulder, carries you on to the next star, 
called the southern horn of the Bull. This star, and 


the west foot of Orion, are equally distant from his 


west shoulder. 

The northern horn of 4 Bull is brighter than the 
southern; it lies on a straight line with the east 
shoulder of Orion and the southern horn of the Bull. 

The ecliptic, or the annual path which the sun 
scems to make in the heavens, passes betwixt the 
two horns of the Bull. 

A line prolonged from the west foot of Orion, 
through Procyon, or the Lesser Dog, brings you to 


that very bright star called Regulus, or the Lion's 


Heart, which lies east by north-east from ' Progyon, 
and at some distance from it. 


If you fancy-a line drawn from the star in the 


middle of the Twins, through Regulus, it will there 


pass beneath a square of bright stars near Regulus, 
which form the constellation called the Lion. The 
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Ars: bright star; lying east by north-east from 8 

lus, ang almost as 8 as 9 18 called the: Lion $1 

Thil.- 31s Toro Faw e 
C in A ee A, * hob bilge star, 


that lies half way betwixt the feet of the Twins and 
their heads, towards a bright star that lies east, and 
it will pass through the Crab, which lies exactly half 


way betwixt the Twins and che Lion, remarkable by 
one bright star, and a cloudy clump of small stars 
adjoining to it. This constellation, you ny: ob- 
serve, 18 difficult to be remarked. 

If you suppose a line drawn through the Twins, 
north- west by north, it will touch a bright star in the 
helmet of he constellation called Auriga, which is 
atla considerable distance. 

A very conspicuous star lies couth-weat. by nonith 
Fanny this one. This beautiful star is called the 
Goat) and due east, opposite to it, lies another, 
which; with three or for: more near then situate to 
the south, forms the whole Constellation called n 
1 

A line drawn from 1 os 8 west- 
ward, leads you to the constellation called the Ram. 


This istreckoned the first constellation in the hea- 


venly order, since the mass of stars that form its 
head, lie nearest that point where the sun equally 
divides: the year, making the nights equal to the 
days. The first star in the Ram's Horn, which is 
the star astronomers reckon from, lies thirty-six de- 
grees more to the west than Aldebardn. 

Draw a line in fancy from the Seven Stars, or the 


Pleiades, north-north-west, and the first very bright - 


star it meets is the first star in, or the Breast of Per- 
eus; the star to the north-west of this is his right 
shoulder; the star to the west is the left; and the 


very: brilliant star, south by south-west of the Breast 


of Perseus, is the first star in the constellation called 


Medusa's Head; next to which, there are three 
VOL, 111, O O 


* 
—— — 


578 TO OBTAIN A KNOWLEDGE 


others very near, that form the whole head) some- 
thing in the form of a square. 

The very bright and beautiful star, ping enak by 
north-east from the Lion's tail, is Arcturns, the 
largest in the constellation called Bootes, situate 


Ener 5 


The mass of stars Vest by north-weet of Avqtilius, 


7 between 1t and the Lion' 8 Tail, is called Berenice 8 


Lock. | | ard 51 

A line drawn fm deter north by Senbett 
falls in with the last star of the tail of the capital 
constellation called the Great Bear. This last is 
formed by seven stars, in the form of a plough: it is 
the most conspicuous constellation in the) eavens, 
and therefore may serve to point out others. Of 
this constellation, the four stars that lie towards the 
north form an irregular square; of which, iche two 
stars that are the most northern point northward: to à 
bright star not very distant, which is called the 
Polar Star, as it lies only two degrees, or OO 
from the pole of the world. 

The Swän is a very remäfkable constellation, | in 
the form of a great cross. A line draun from the 
Twins, through the polar star, meets the Swan on 
the other side, at much about the same distance. 

A line drawn from the northern side of the square 
of the Great Bear, through the pole, passes through 
the middle of the constellation of Pegasus. This too 
is a square, formed by four bright stars, the most 


northern of which forms the head of Andromeda. 
A line carried in fancy from the Pleiades to the 
Ram, falls upon Algenib, the beautiful star in the 


wing of Pegasus. The most northern of the sou- 

thern stars of Pegasus are called Scheat, and Markab: 

Scheat lies to the north, and Markab to the south. 
Cassiopeia is a constellation directly opposite to 


the Great Bear, through the polar star, in such a 
manner, that the line that passes N the middle 


_ OF THE CONSTELLATIONS. 579 


of the Great Bear, by the polar star, passes also 
through Cassiopeia on the other side of the pole. 
This constellation is formed of six or seven stars, in 


the shape of a chair turned upside down. 


Cepheus is that constellation you see contained | 


betwixt the polar star, Cassiopeia, and the Swart. 
A line drawn from the polar star to the Swan's Tail, 
passes through the two first great Stars in the con- 


stellation of Cepheus. 
Phe Lesser Bear has choc the same e sbape as the 


Greater, and is parallel to it, but the situation is 
inverted. The polar star is the last in its tail. The 
two largest stars in this constellation are on a line 


drawn through the center of the square of the Great 


Bear, perpendicular to both its greater sides. 
The Dragon's Tail lies betwixt the polar star and 


the square of the Great Bear. The four stars in its 


head lie south by south-east with regard to the 


Lesser Bear, and almost form an exact square. 


Such are the constellations that most conspicu- 
ously adorn the face of heaven, in a winter night. 
Those which shew themselves during the nights of 
summer, are not so easily noted; but by the help of 


what I have pointed out to you, I think I Shall be 


able to render them distinguishable. _ 

When the star in the middle of the tail of the 
Great Bear is in. the meridian above the polar star, 
and in the highest point of heaven, which happens 
about nine o'clock of one of the evenings in the end 


of May, you will then observe towards the south, in 


the meridian, that very beautiful star called the 


Virgin's Spike. You see this star forms a triangle of 


equal sides with Arcturus and the Lion's Tail. 

A little more to the right, but tower than the 
Virgin's Spike, you may remark a kind of square, 
formed by four principal stars: this constellation is 
called the Crow. 

A line drawn from the two most eastern stars of 
the square of the Great Bear, through the Lion's 
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Heart, Regulus; meets towards the south the Birr 
of Hydra. Its head is to the south of the 0 Crab, be- 
twixt Procyon and Regulus. This eonztellation of 


Hydra extends from the Lesser my to the er 


part of the Virgin's Spike. 


Betwixt Hydra and the Crow, but to the west 0 
this last, is situated the Crater, or the Cup. The 


kind of small square formed by it is remarkable 


enough, so that Tu wall not be at a loss to fix 
upon it. Ao Hirtg⸗ of} fort: 


4 184 


A ne drawn east north- wy om the: brightess 
which is one of the most splendid in the es. 


It almost makes a right-angled unn an Aretn- 
rus and the polar Star- 


The Crown is that small constellation, Munte de- 


twixt Arcturus and the Lyre: it sometimes shews 
uself in the form of an oval, with eight pretty visi- 
ble stars: sometimes only as three bright stars lying 
very close to each other, bearing west by south-west 
ſrom the Lyre. A line carried from the two first 
stars in the tail of the Great Bear points out the 


Crown, generally called Carte Borealis or the Nor- 
thern: Crown, 1 * | 


That very resplendent star, which you sce to the 


south of the Lyre and the Swan, is called the Eagle. 


It is very perceivable, by being placed in a 50 
line betwixt two wee oh, je Stars that lie very 


near it. 


The clump of stars that 15 to the south of, and 


next to the Eagle, is called Antinoiis. 
The line or the arc of a great circle, which PASSCS 


through Regulus and the Virgin's Spike, leads you 


on, east south-east, To a very bright star called 
Aulares, or the first of the Scorpion. This constel- 
lation is very remarkable; for, to the south of this 


very bright star there is an arc of stars, with the 


eoncave towards the north, and the convex to the 


south, which forms the tail or sting of the Scorpion. 
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bright x stars uit . 

That bright star that, lies hall way hewitt the 
Virgin's Spike and Antares, is the southern scale of 
the constellation called the Ballance. The next 
bright star to this, north-east by north, is the nor- 
thern scale of the same constellation. | 
That other constellation which follows the Scor- 


pion, that is, somewhat more to the east, is called 


Sagittarius: the Virgin's Spike and Antares point to 
it east south-east. It lies upon a line drawn from 
the middle of the Swan through the middle of the 
Eagle. 

An arc drawn from Antares to the polar star, first 
passes through the constellation called Ophincus, or 
Serpentarius, and a little higher meets the constella- 
tion Hercules. A line, from Antares to the Lyre, 
passes betwixt the heads of Hercules and Ophiucus, 
which lie very .near to one another. The most 
eastern and southern of the two is the head of Ophi- 
ucus. The stars that lie immediately to the north 
of the head of Hercules, form the constellation of 
Hercules; and those that you see to the south of the 
head of Ophincus, constitute the constellation of 
that name, together with a part of the Serpent, 
which lies cast and west of Ophiucus. 

A line drawn through the Lyre and the Eagle, 
towards the south-east, leads you to those two stars 
near each other which form the head of the constel- 
lation called Capricorn. Those two other stars, 
much about the same distance, lying beneath the 
Water-bearer towards the south, form the tail of 
Capricorn. 

A line extended from the Eagle through Capri- 
corn's tail, almost south- east, leads you to that efful- 
gent star called Fomalhout, or the Southern Fish. 

The small group of stars in the form of a bright 
cross you see next to the Eagle, lying north- east by 
east, 1s called the Dolphin. 
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Draw a line from the Lyre upon the Dolphin, 
the Dolphin as the Dolphin is from the Eagle, and 
the constellation called Apuarius, or Water-bearer, 
wilt be situated a little to the eust of that line. In 
descending from the Dolphin to Fomalhout, you 
pass through the whole length of Aquarius, begin- 
ning by the two bright stars that form his shoulders. 

Protract a line from the Goat through the Pleia- 


des, and it will lead you to a bright star that is the 


first in the head of the constellation called the Male. 


A line drawn from Aldebaran through this last, 


carries you, through the body of the Whale, down 
to the bright star that forms its tail, after passing 
near those three remarkable ones that form its back. 

Tbose two groups of stars that lie immediately 


south-east and north-cast of the great star in the 


wing of Pegasus, are called the Fisches. The first 
bri gh star that hes south-east of these is termed the 


last is the largest of this constellation, and is the first 
bright star situate to the south of the Ram's head.“ 


This general outline of the places of the constel- 


lations, may in time form an habitude of referring to 
any particular spot of the heavens. But the space is 
too wide for one grasp. I have only shewn you the 
expansive field you have to work in. 

When you behold the sky, the splendor of the 


stars, and that grand luminary which discovers all 


things that surround you, ask yourself from whence 


come all these things? W ho has constructed this 


immense canopy of the heavens? Who has placed 
in this firmament those innumerable lights? Who 
has appointed those stars to move in such order, and 
that sun to enlighten and fertilize the earth? And 
your heart will answer, It was the power and wisdom 


* „ 


. * Cometilla, or Views of Nature, p. 69 to 88. 
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of God chat called all these thin gs into bein g. What 
other than an intelligent and omnipotent power could 
have formed that grand and magnificent arch above 
us? Who could have given those globes that per- 
petual motion? Whence comes that connexion, _ 
that harmony, that beauty displayed in all their 
parts? Who has appointed all these things with s 
much exactness in number, weight, and measure? 
Who has prescribed to these immense bodies those 
laws discoverable only to men of the greatest abili- 
ties and most profound wisdom ? 

All these questions refer to thee, most adorable 
Creator, self-existent, independent, infinite Being; 
to thee all the heavenly bodies owe their existence, 


their laws, their arrangements, their power, and all 


the advantages they are of to this world. Love 


_ prompted thy infinite wisdom to contrive, and em- 


ployed thy omnipotence to execute the glorious uni- 
versal plan; love still inclines the Almighty Maker 
to preserve his stupendous work, to uphold the per- 
fect order running through the whole, to bless the 
creatures he has made, and under its unceasing 
influence will he L throughout all the bound- 
less ages of eternity. 


* Tucker's Light of Nature, vol. iv. part 2, p. 341. 


END OF VOL. III. 


+ — — dw 
*%S. ©. — LY 
1 / wrry #2 * * 
o * — % 
. * So, » 
; % 4 - * 
1 — I &"\ 
2 
— 8 
* —— 3 
* ur. * Co = 
8 — ks 5, 
— Ce. | * 
55 
ry oe 2 * a BY 2 * 
; ww 2 
4 — Fat 
— 
* 2 % ” 
—— 5 5 
* Wy: 
* 2 — 
0 a S 
bene * 94} ho, 
3 — — — 
. — 2 — 
— 
* Fay 
. — — — 
| EEO Wn 2 
3 * 
— 
— PY * W 
— 4 4 * 8 
— — * 351 £* — 
— 5 "A 
ts * 
"I ating 
& * wg 5 - 
pact a_ 
— * P 
% 4 
8 8 
* - 0 
1 *. 2 e 
CE" 9 hw 
# (1 nd 5» 
— 
* ” — — 
—— —— « 
WED ” 
* WY, 6 — 
— — *—_ * 
S. + — 
- . 
—. Por _ — 
51 — * — — 
' . — 
\ — — I. 
3 . 
* * W 2 V 
* — — A q 
f —— — — * 1 
— — 
* _ — 8 — 
bl _ — — is, 
* 3 * ? 
$ — pH 33 So 
* — * * 
* a 
2 9 * — 
* — — 
5 — 1 2 
n — 2 6 * 
hin Feats, * - 
" * — 4 
3 — 
£ * Ong * 1 
989 
w * 1 In oe 
* 7 
— 
— — * K 
”e 1 
2 — SS wa, 
2 Is 4 = 
0 — — — 
9 * — . 8 
— 
* — * 
* * 
- a . * — 24 
” -4 * ee * 
7 > — * 21 * 


R 4 


e HO Ons os SLY LABS rr ear 1 it nnd Eft 


— — OP 2 bs —— — 
— — aſs — — 2 — Fn rg ore eo, —— AE A —ä ꝛ 8 WA nd; Rar ue Pp A ——— 11 etnies 
— — — oi ts Saws — we 8 


- om > a 
— un Gs ns IOIEITTY 


